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ABSTRACT
The purpose o f t h i s  work was t o  study  th e  re a c tio n s  o f mixed 
carboxylic  anhydrides w ith  G rignard re a g e n ts . The reac tio n s  were 
c a r r ie d  out in  most cases using  equim olar p o rtio n s  o f anhydride and 
Grignard re a g en t, in  e th e r  so lu tio n , and a t  approxim ately -78° C. 
to  increase  th e  y ie ld s  of th e  two carbonyl compounds po ssib le  from 
each mixed anhydride. The r e la t iv e  p ro p o rtio n s  and abso lu te  quan­
t i t i e s  o f  th e  carbonyl compounds were determ ined by gas chromato­
graphy and d i s t i l l a t i o n .  In  some re a c t io n s , in  ad d itio n  to  th e  
carbonyl compounds, sm all amounts o f a lco h o ls  were formed, by fu r th e r  
re a c tio n  o f th e  C-rignard reag en ts  a t th e  expense o f th e  carbonyl 
p ro d u c ts . Whenever p o s s ib le , th e  p ro p o rtio n s  and q u a n tit ie s  o f 
th e se  a lcoho ls  were determ ined. A ttem pts were made to  c o rre la te  
th e  r e la t iv e  r e a c t iv i t i e s  of th e  a c y l groups o f th e  anhydrides, as 
revealed  by th e  r a t io s  o f th e i r  re a c tio n  p ro d u c ts , w ith th e  
s tru c tu re s  o f  those groups and o f th e  Grignard reag en ts  used.
The re a c tio n s  o f s ix  a c e t ic  h ig h e r-ca rb o x y lic  anhydrides w ith  
phenylmagnesium bromide were s tu d ied ! a c e tic  b u ty r ic ,  a c e tic  v a le r ic ,  
a c e tic  cap ro ic , a c e t ic  is o b u ty r ic , a c e t ic  i s o v a le r ic ,  and a c e tic  oc~ 
m ethylbutyric  anhydrides. The lower m olecular w eight ketone always 
predom inated. The p ropo rtion  of th e  h ig h er ketone was n ea rly  th e
v
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same fo r  the  f i r s t  th re e  ( s t r a ig h t-c h a in ) anhydrides, bu t t h i s  pro­
p o rtio n  decreased fo r  th e  l a s t  th re e  (branched-chain). The re a c tio n  
o f a c e tic  b u ty ric  anhydride in  te trah y d ro fu ran  showed an in c rease  
in  th e  t o t a l  y ie ld , and a s l ig h t  in c re ase  in  the  p ropo rtion  of 
h igher m olecular weight ke tone. When a c e tic  b u ty ric  anhydride was 
allowed to  re a c t w ith  n-propylma gne sium bromide, th e  r a t io  o f the  
lower to  th e  h igher ketone decreased s ig n if ic a n t ly .  The r e s u l t s  o f 
th ese  re a c tio n s  suggested th a t  s te r ic  fa c to rs  were th e  major con­
t r o l l i n g  in flu en ce  on th e  course o f  th e  re a c tio n .
A study was made o f  th e  re a c tio n s  o f m ixtures o f a c e tic  and 
b u ty ric  anhydrides, and a c e t ic  and v a le r ic  anhydrides, w ith  phenyl- 
magnesium bromide. In  c o n tra s t  t o  t h e i r  behavior in  F r ie d e l-C ra fts  
re a c tio n s , th e  r e s u l t s  were s im ila r  t o  th e  r e s u l ts  o f th e  re a c tio n s  
o f  th e  corresponding mixed anhydrides.
The m ajor in te r e s t  o f  t h i s  work involved th e  re a c tio n s  of 
form ic a c e t ic  anhydride w ith  Grignard re ag en ts . These re a c tio n s  
y ie ld ed  aldehydes, predom inantly ; in  a d d itio n , a m easurable amount 
of ketone u su a lly  was formed. This re a c tio n  provides a  new 
aldehyde sy n th e s is . Y ields o f aldehyde ranged from 8 p e r c en t, 
using p r opylma gne slum brom ide, to  Uo p er c en t, w ith  phe nylmagne s ium 
bromide.
Aromatic G rignard reag en ts  allowed t o  re a c t w ith formic a c e tic  
anhydride in c luded : phenylmagnesium bromide, in  both e th e r  and 
te tra h y d ro fu ran ; ra-chlorophenylmagnesium bromide; and o - ,  m-, and g- 
tolylmagnesium brom ides. The aldehyde product n ea rly  always p re -
v i
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dominated g re a tly  over th e  ketone product# an exception was the  
re a c tio n  w ith phenylmagnesium bromide in  te trahydrofuran#  in  which 
th e re  was only  a  s l ig h t  predominance o f aldehyde over ketone. Of 
th e se  arom atic Grignard reagents#  m-chlorophenylmagnesium bromide 
gave the lowest aldehyde y ie ld ,  follow ed by o-tolylmagnesium bromide. 
The o th er th re e  gave approxim ately  th e  same y ie ld s  o f aldehyde.
A lip h a tic  Grignard reag en ts  perm itted  to  re a c t w ith formic 
a c e tic  achydride were: e th y l-#  n-propyl-# n -b u ty l- , and iso b u ty l” 
magnesium bromides# and butylmagnesium ch lo rid e . Secondary and 
t e r t i a r y  a lcoho ls  were produced in  th ese  reactions#  in  ad d itio n  to  
th e  aldehydes and ketones. When th e  r a t i o  o f the t o t a l  re a c tio n  
p roducts from th e  form ic p a r t  o f  th e  anhydride to  the  t o t a l  
p roducts from th e  a c e tic  p a r t  was considered# i t  was found to  be 
n e a rly  th e  same fo r  a l l  o f  th e  re a c tio n s  o f th e  s tra ig h t-c h a in  
Grignard reagents# but i t  was g re a te r  f o r  th e  re a c tio n s  of iso b u ty l-  
magnesium bromide. Per cen t y ie ld s  o f both  aldehyde and ketone 
increased  in  th e  orders ethylM gBr<  n-proplylMgBr<  n-butylMgCl 
n-butylMgBr <  isobutylM gBr. The re s u l ts  o f the re a c tio n s  o f 
- fo rm ic  a c e tic  anhydride, l ik e  those of th e  reac tio n s  o f  h igher 
mixed a c e tic  anhydrides# have been in te rp re ted #  p rin c ip a lly #  in  
term s of s te r ic  f a c to rs .
v i i
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INTRODUCTION
Mixed carboxylic  anhydrides have been in v e s tig a te d  e x ten s iv e ly  
in  th e i r  re a c tio n s  w ith a lco h o ls  and amines. These re a c tio n s  are  o f  
in te r e s t  because th ey  show com petition  between th e  two ha lves of each
ft 9
mixed anhydride. For example, when an anhydride, R'-C-O-C-R, i s
tre a te d  w ith an a lco h o l, RMOH, in  an e s te r i f i c a t io n  re a c tio n , e i th e r  
0
R*-6-Q_Rr o r  R-C~0-RM i s  formed p r e f e r e n t ia l ly .
S tud ies o f mixed anhydrides in  th e  F r ie d e l-C ra fts  re a c tio n  
have been c a r r ie d  out re c e n tly  in  t h i s  la b o ra to ry  (15, 27, iUt). The 
mixed anhydrides were allow ed t o  p a r t ic ip a te  in  a  Friede 1 -C ra fts  
acy la tio n  o f  benzene, in  th e  p resence o f aluminum ch lo ride  c a ta ly s t .  
Reactions o f mixed a l ip h a tic  anhydrides were c a r r ie d  out w ith  
anhydride, benzene, and c a ta ly s t  in  a 1 :1 :3  r a t i o .  However, when 
e i th e r  one o r  bo th  o f th e  r a d ic a ls  o f  th e  mixed anhydride was arom atic , 
i t  was necessary  t o  use excess benzene, as so lven t and re a c ta n t .  The 
use o f th re e  p a r t s  o f  c a ta ly s t  fo r  each p a r t  o f  anhydride was 
p ra c tice d  c o n s is te n tly .
Upon re a c tio n  o f th e  mixed anhydride w ith  benzene, a  m ixture 
of th e  two p o ssib le  ketone p roducts  was u su a lly  formed, a s  fo llo w s:
R«-n -  n + RC0OH
+ R’CQGH
1
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Gne o f th e  two p o ss ib le  ketones was n e a r ly  always formed in  p re - 
dor, inane e over th e  o th e r j  th e  m olar r a t io s  o f  th e  two ketones were 
determ ined by a n a ly s is  o f  th e  re a c tio n  p ro d u c ts . From th e  molar 
r a t io s  o f th e  two ketones, in fo rm ation  concerning the  in flu en ce  o f 
th e  two a cy l groups o f  th e  mixed anhydride was obtained , th a t  i s ,  
why c e r ta in  anhydrides re a c te d  in  a  given manner. The r e la t iv e  pro­
p o rtio n s  o f  th e  ketones could u su a lly  be exp lained  on the  b a s is  o f 
a  combination o f s t e r i c  and e le c tro n ic  f a c to r s j  th e  r e s u l t s  o f th e  
re a c tio n s  o f mixed arom atic anhydrides, c a r r ie d  out by th e  p re sen t 
au th o r, in  p a r t i c u la r ,  could be ex p la in ed  in  t h i s  manner (27 ). 
F r ie d e l-C ra fts  re a c tio n s  o f  mixed anhydrides a re  d iscussed  in  more 
d e ta i l  on pages 11-
There has been no s im ila r  study o f th e  behaviors o f  mixed 
anhydrides in  th e  Graguard r e a c t io n . The c lo s e s t  approach to  i t  
has been some work w ith  unsym m etrically  s u b s ti tu te d  c y c lic  anhy­
d r id e s , as d escribed  on pages 16-17 and pages 65-66. A mixed anhy­
d rid e  could r e a c t  w ith  a  G rignard reag en t in  th e  two fo llow ing  manners s
Here, as in  th e  F r ie d e l-C ra f ts  r e a c t io n ,  th e re  could be produced 
e i th e r  one o f th e  two p o s s ib le  k e to n es , o r  a  m ixture o f  th e  two. 
However, in  th e  Grignard re a c t io n  i t  i s  p o ss ib le  fo r  th e  re a c tio n  
to  continue to  give t e r t i a r y  a lc o h o ls , w ith th e  Grignard reag en t 
re a c tin g  fu r th e r  a t  th e  expense o f th e  ketone p roducts. T here fo re , 
y ie ld s  o f  ketones produced by th e  re a c t io n  o f  Grignard reag en ts  
w ith  simple anhydrides were low, p r io r  to  th e  work of Newman and 
Booth in  19W+ (31)*
R*-Cx s  0
0 + R"MgX
R-C s  G
t«-C-R» + RCOQMgX 
Q
R-8-R* + R'CGGMgX
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Neman and Booth added G rignard reag en ts  to  e th e r so lu tio n s  
o f a c e tic  anhydride a t  about -70° C .* using  a r a t io  o f one mole 
o f  Grignard reag en t to  two moles of anhydride. Primary, secondary, 
and t e r t i a r y  a l ip h a t ic  and arom atic G rignard reagen ts gave 70-79 
per cent y ie ld s  o f  th e  corresponding m ethyl ketones, while a l l y l  
and benzyl re a g en ts  gave 1*2 and $2 p e r c en t, re sp e c tiv e ly . With 
phenylmagnesim bromide and p rop ion ic  anhydride a 59 p e r cent 
y ie ld  o f  propiophenone was o b ta ined . Newman and Booth a t t r ib u te d  
th e  improved y ie ld s  o f m ethyl ketones to  th e  s t a b i l i t y  a t  low 




formed by th e  ad d itio n  o f one molecule o f Grignard reagent to  one 
o f th e  carbonyl groups o f  a c e tic  anhydride, and a lso  to  th e  decreased 
s o lu b i l i ty  o f th e  complex a t  such tem p era tu res . These e lim in a ted , 
o r  g re a tly  reduced, th e  o p p o rtu n itie s  fo r  fu r th e r  reac tio n  o f th e  
complexes w ith a d d itio n a l G rignard re a g e n t, to  form t e r t i a r y  a lco h o ls. 
At the  low tem peratu re  invo lved  th e re  was probably  no cleavage o f 
th e  complex to  form a ketone, which m ight re a c t fu r th e r .
The study o f re a c tio n s  o f G rignard reag en ts  w ith anhydrides 
a t  low tem peratu res was c a r r ie d  fu r th e r  by Neman and Smith (37).
A so lu tio n  of butylmagnesium(a ) bromide was added to  a so lu tio n  o f 
a c e tic  anhydride in  e th e r , a t  d i f f e r e n t  tem peratu res. From th e  
re f lu x  tem peratu re  of e th e r  to  about -1*0° C. th e  y ie ld  o f  ketone
(a) Throughout t h i s  th e s i s ,  th e  term s b u ty l and propyl have 
been used to  denote n-bubyl and n -p ro p y l, re sp e c tiv e ly .
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remained alm ost constan t a t  £0 per c en tj but i t  in c reased  upon 
fu r th e r  coo ling , and reached 70 p e r cent in  th e  v ic in i ty  o f -70° C. 
Reactions a t  s t i l l  lower tem perature were not explored, because 
of th e  inconvenience involved . The tem perature e f fe c t  was about 
the same in  th e  re a c tio n  of phenyLnagnesium bromide w ith  benzoic 
anhydride, and in  th e  re a c tio n  o f  t-butylm agnesium  ch lo rid e  w ith 
a ce tic  anhydride. Newman and Smith a lso  s tu d ied  th e  e f f e c ts  of 
v a r ia tio n s  from th e i r  standard  techn ique, and th e  e f f e c ts  o f fu r th e r  
v a r ia tio n  in  the  id e n t i t i e s  o f th e  G rignard reagen t and the  anhydride. 
Primary, secondary, t e r t i a r y ,  and arom atic Grignard reag en ts  gave 
high y ie ld s  when th ey  re a c te d  w ith  a c e tic ,  p ro p io n ic , and b u ty ric  
anhydrides a t “70° C. With ch lo ro ace tic  anhydride th e  y ie ld  f e l l  
to  35-!?0 p e r  c e n t. Good y ie ld s  o f keto ac id s were ob ta ined , using  
succin ic  anhydride.
I t  was po in ted  out by Newman and Smith th a t  th e  mechanism of 
the  re a c tio n  o f Grignard reag en ts  w ith  ac id  anhydrides had not 
received  much a t te n tio n . As a Grignard reagen t was added to  an 
anhydride, a w hite p re c ip i ta te  formed. They suggested th a t  th i s  
so lid  could be formed in  any of th re e  ways.
CH3-C * 0 f CH3-C 5 o \
> + I___________>  > •
CH3-C s 0 \ CH3-C S G1
0
I I  m ethathesis CHr-C-R + CH'j-COOMgX
CH3-C s  0
0 + HMgX OMgX
CHyC -  0 carbonyl CHo-q-R
I I I  ad d itio n  _  G
CH3-C = 0
Summarized, t h e i r  th eo ry  was as fo llo w s: The f i r s t  s tep  of th e
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re a c tio n  was probably , in  any case , rep resen ted  by equation  I ,  which 
re p re se n ts  a  p re lim in a ry  co o rd in a tio n  o f th e  Grignard reagen t w ith  
th e  anhydride, th e  magnesium atom forming an oxonium-type complex 
w ith  one o f  th e  oxygens of th e  anhydride. But trea tm en t o f th e  
p re c ip i ta te  w ith e th y l  a lco h o l d id  not lower th e  y ie ld  o f k e to n e3 
th e re fo re  th e  re a c tio n  must have proceeded beyond th e  complex o f 
equation I  be fo re  th e  p r e c ip i ta te  was formed.
I f  th e  re a c tio n  had proceeded by d ire c t m eta th esis  as in  
equation I I ,  th e  p r e c ip i ta te  would have been th e  bromomagnesium s a l t  
o f the  a c id , and th e  f re e  ketone would have been in  th e  e th e r  la y e r .  
Analysis o f th e  c le a r  supernatan t e th e r  so lu tio n  showed on ly  a  t r a c e  
o f ketone. T herefo re , mechanism I I  was in c o rre c t.
The ketone was found to  be h e ld  in  th e  in so lu b le  ccsnplex3 
th e re fo re  mechanism H I ,  in vo lv ing  d ir e c t  ad d itio n  o f  th e  Grignard 
reagent to  one o f th e  carbonyl groups, f i t t e d  th e  experim ental 
f a c t s .  The e f f e c t  o f  th e  low tem perature  was ap p aren tly  to  s t a b i l i z e  
th e  complex and p reven t th e  form ation o f  f re e  ketone. This was shown 
by allow ing th e  re a c tio n  m ixture to  warm to  room tem p era tu re . The 
e n t i r e  amount o f  ketone was th en  found to  be in  th e  e th e r  s o lu tio n .
I f  the  so lu tio n  was cooled back to  -7 0 ° , th e  ketone remained in  th e  
e th e r la y e r .
Kharasch and Reinmuth (21;) agreed  th a t  th e  f i r s t  s tep  o f th e  
re a c tio n  was probably  th e  form ation  of a complex as  in  equation  I ,  
and th a t  th e  s tep  was extrem ely  ra p id , and not ra te -d e te rm in in g .
I t  seemed l ik e ly  t o  them th a t  th e  complex form ation took  p lace  a t  
one o f  th e  carbonyl oxygen atom s. The cond itions o f  th e  re a c tio n
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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(slow ad d itio n  o f G rignard  reag en t so lu tio n  to  an excess o f  anhydride 
so lu tio n ) appeared to  argue a g a in s t th e  p ro b a b i l i ty  o f  a  tr im o lec u la r  
re a c tio n  mechanisa* Kharasch and Reinmuth p o s tu la te d  th a t  rearrange­
ment o f  th e  o r ig in a l  complex formed in  eq u ation  I  m i^at le a d  to  the  
form ation o f  a  r e l a t iv e ly  u n s tab le  in te rm ed ia te  compound by means o f 
carbonyl a d d itio n . Thus th e  in term ed ia te  would ta k e  th e  form o f 
a new complex in v o lv in g  a  m olecule o f ketone and a m olecule o f 
magnesium s a l t .
The r e s u l t s  o f th e  work o f Newman and Smith were c o n s is te n t w ith  
th e  concept o f Kharasch and Reinmuth.
I t  appeared to  be o f  in te r e s t  to  p repare  some mixed anhydrides 
and to  allow  them to  r e a c t  w ith  G rignard re a g e n ts , fo llow ing  a pro­
cedure s im ila r  in  most re s p e c ts  to  th a t  of Newaan and Booth. I t  
seemed probable t h a t ,  a t  -70° C .,  a  complex s im ila r  to  th a t  o f 
simple anhydrides would be formed in  th e  case o f  mixed anhydrides.
Thus, th e  secondary re a c t io n  to  give t e r t i a r y  a lco h o ls  would be 
in h ib i te d . The ketone y ie ld  would be in c reased  to  th e  p o in t where 
a measurement o f  th e  r e la t iv e  p ro po rtions o f th e  two p o ss ib le  ketones 
might lead  to  a  c o r re la t io n  between th e  s t ru c tu re s  and th e  r e a c t iv i t i e s  
o f th e  acy l ra d ic a ls  o f  th e  anhydrides.
Newman and co-w orkers added Grignard re a g e n ts  to  sim ple anhy­
d rid e s  in  th e  r a t i o  o f  1  to  2 ,  in  o rder to  decrease  th e  p o s s ib i l i ty
s i i
ch3 ch3 ch3
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o f t e r t i a r y  a lco h o l fo rm ation . The p resen t au thor c a r r ie d  out seme 
re a c tio n s  u s in g  t h i s  1:2  r a t i o ,  b u t r e s u l ts  showed l i t t l e  or no 
d iffe ren ce  from r e s u l t s  o f  s im ila r  runs using  equim olar q u a n ti t ie s .  
Since th e  mixed anhydride was no t e a s i ly  a t ta in a b le  in  la rg e  
q u a n ti t ie s ,  i t  would have been un d esirab le  to  waste h a l f  a  mole o f 
anhydride fo r  each mole o f th e  r e a d ily  a v a ilab le  G rignard reag en t. 
Therefore , co n sidering  th e se  f a c to r s ,  most of th e  p re sen t work 
was done using  equim olar q u a n t i t ie s  o f anhydride and Grignard 
reag en t.
Anhydrides f i r s t  chosen were a c e tic  b u ty r ic , a c e t ic  v a le r ic ,  
a c e tic  c ap ro ic , a c e tic  is o b u ty r ic ,  a c e tic  ©<-m eth y lb u ty ric , and 
a c e tic  is o v a le r ic .  The f i r s t  th re e  were se le c te d  to  determ ine th e  
e f fe c t  o f chain  le n g th , and th e  l a t t e r  th re e  provided branching on 
th e  alpha carbon and b e ta  carbon. Phenylmagnesium bromide was the  
Grignard reagen t chosen t o  re a c t  w ith  th e se  anhydrides, in  e th e r  
so lv en t. In  a d d itio n , a c e t ic  b u ty ric  anhydride was p e rm itted  to  
re a c t w ith  phenylmagne sium bromide in  te trah y d ro fu ran  so lu tio n , in  
o rder to  show the e f f e c t  o f  change o f so lv en t. I t  would be expected 
th a t  by ta k in g  p lace  in  te tra h y d ro fu ran  so lu tio n , th e  re a c tio n  would 
be le s s  a f fe c te d  by s t e r i c  h indrance. The e f f e c t  o f th e  so lven t i s  
d iscussed  on page 57• A cetic  b u ty ric  anhydride was a lso  allowed to  
re a c t w ith  n-propylmagnesium bromide, in  e th e r  so lu tio n .
In view o f th e  work done by S ib i l le  on th e  F r ie d e l-C ra fts  
re a c tio n  w ith  m ix tu res o f  simple anhydrides (d escrib ed  on page 13), 
i t  seemed d e s ira b le  to  make a  study of the  behavior o f  equim olar 
m ixtures o f two simple anhydrides in  th e  Grignard re a c tio n , using
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r a t io s  of 1 m ole:1 m oles2 moles G rignard reag en t. Anhydrides chosen 
fo r  t h i s  purpose were a c e tic  and b u ty ric  anhydrides, and a c e tic  and 
v a le r ic  anhydrides—th e  same as those  used by S ib i l l e .
The re a c tio n  o f  form ic a c e t ic  anhydride w ith  G rignard reag en ts  
appeared to  be of i n t e r e s t .  The th e o re tic a l* re a c tio n  product from 
the  form ic p a r t  o f th e  anhydride would be an aldehyde, w hile  the  
a c e tic  p a r t  would produce a  ketone. No evidence could be found in  
th e  l i t e r a t u r e  o f aldehydes having been prepared in  t h i s  manner, 
although th e re  are  v a rio u s  o ther methods, d iscussed  on pages 17-19, 
by which an aldehyde may be prepared from the corresponding G rignard 
reag en t. F a rru g ia  (15) and S ib i l le  (hk) attem pted to  o b ta in  
benzaldehyde from th e  re a c tio n  o f  form ic a ce tic  anhydride w ith  
benzene in  th e  F r ie d e l-C ra f ts  r e a c tio n . A wide v a r ie ty  o f reag en ts  
and co n d itio n s  was used b u t no aldehyde was found in  any o f th e  
products o f r e a c tio n . I t  was decided to  allow form ic a c e tic  anhy­
d ride  to  re a c t  w ith s e v e ra l G rignard reag en ts , b o th  arom atic and 
a l ip h a t ic .  Attempts a t in te rp re ta t io n  o f r e s u l ts  were c a r r ie d  out 
in  a  manner s im ila r  to  th a t  fo r  th e  a c e t ic  h ig h er-carboxy lic  a c id  
anhydrides d iscussed  above. The re a c tio n  of form ic a c e t ic  anhydride 
w ith phenylmagnesium bromide was c a r r ie d  out in  bo th  e th e r  and t e t r a ­
hydrofuran so lv en t. O ther arom atic Grignard reag en ts  used, a l l  in  
e th e r so lv en t, were o - ,  m-, and £-tolylmagnesium brom ides, and 
m-chlorophenylmagnesium bromide. A lip h a tic  Grignard reag en ts  used 
were e th y l- ,  p ro p y l- , b u ty l- ,  and isobutylmagnesium brom ides. Any 
a lcoho ls  formed from f u r th e r  re a c tio n  o f th ese  Grignard reag en ts  
with th e  carbonyl p ro d u c ts  could a lso  be determined a n a ly t ic a l ly ,
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and. considered along w ith  th e  carbonyl products o f re a c tio n . Thus 
th e  t o t a l  o f  th e  products from th e  formic p a r t  o f th e  anhydride 
might be compared w ith  th e  t o t a l  from th e  a c e tic  p a r t .
I t  a lso  appeared to  be o f in te r e s t  to  c a rry  out th e  Grignard 
re a c tio n s  o f a c e tic  b u ty ric  and form ic a c e tic  anhydrides w ith  phenyl- 
magnesium bromide a t  0° C. } i n  o rd e r to  compare th e  r e s u l t s  a t th a t  
tem perature w ith  r e s u l t s  a t  th e  v e ry  low tem perature.
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REVIEW OF THE LITERATURE
The f i r s t  mixed carb o x y lic  a c id  anhydride rep o rted  was a c e t ic  
benzoic anhydride. This was p rep ared  in  1852 by  Gerhardt (20, 21 ), 
by th e  re a c tio n  o f a c e ty l  c h lo rid e  w ith  sodium benzoate . He p repared  
f iv e  o th e r mixed anhydrides in  th e  same manner. Upon h e a tin g , th e y  
d isp ro p o rtio n a ted  in to  a m ix ture  o f  th e  two simple anhydrides.
A u ten rie th  in  1887 (1) d iscovered  th a t  mixed anhydrides could 
be produced by re f lu x in g  a m ix ture  o f  an organ ic  ac id  w ith  a c e t ic  
anhydride. He p repared  a c e tic  benzoic anhydride in  t h i s  manner, 
along w ith sev e ra l o th e rs . These anhydrides d i s t i l l e d  over ranges 
o f  more th an  10 d eg rees . B ehai (li, 5) p repared  formic a c e tic  
anhydride by a  s im ila r  method, h e a tin g  a m ixture o f 3 moles o f form ic 
ac id  and I* moles o f  a c e tic  anhydride a t  $0° C. fo r  one hour, then  
c o lle c tin g  th e  anhydride d i s t i l l i n g  a t  29° C. a t  17 mm. p re s su re . 
D iffe re n t methods o f p re p a ra tio n  o f  mixed anhydrides were rep o rted  
by Bougault (9 ) ,  and by a  B r i t i s h  p a te n t is su ed  in  1913 (51) * In  
1952, Hurd and D ull (25) p repared  mixed a c e tic  anhydrides by th e  
in te ra c t io n  o f  kBtene and a c id s . This method i s  commonly used today .
Many in v e s t ig a to r s  s tu d ie d  th e  re a c tio n  products formed when 
mixed anhydrides were p e rm itte d  to  re a c t w ith  amines, a lco h o ls , and 
phenols. Behai allow ed form ic a c e t ic  anhydride to  re a c t w ith  both  
amines and a lco h o ls , and o b ta in ed  on ly  th e  form ic d e r iv a tiv e s . On
10
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warming w ith  phenols, a c e ta te s ,  and not form ates, were ob ta ined  (6 ,  7)« 
In  191*2, Edwards and Reeves (13) c a r r ie d  out the re a c tio n  o f form ic 
a c e tic  anhydride and f u r f u r y l  a lc o h o l. F u rfu ry l form ate, which could 
n o t be p repared  by more common methods, was ob tained j b u t no f u r f u r y l  
a ce ta te  was observed in  th e  re a c tio n  p ro d u c ts . A lso, Hurd and co­
workers (211,  26) ob ta ined  form yl d e r iv a tiv e s  ex c lu s iv e ly  upon th e  
re a c tio n s  o f form ic a c e t ic  anhydride w ith  a n il in e , and w ith  n i t r o  
a lco h o ls . Chi th e  o th e r hand, a c e t ic  e s te r s  were produced e x c lu s iv e ly  
i f  su lfu r ic  a c id  was p re s e n t as a c a ta ly s t  o r i f  th e  re a c tio n  m ixture 
was heated .
The re a c tio n  o f  an amine w ith  an a c id  anhydride o r  ac id  
ch lo ride  was shown by W illiam s and Hinshelwood (88 ) to  be a 
h e te ro ly t ic  re a c tio n  in  which th e  amine ac ted  as a n u c leo p h ilic  
reagent and th e  anhydride o r  a c id  c h lo rid e  as an e le c tro p h i l ic  
re a g en t. Ekery and Gold (li*) d iscu ssed  th e  re a c tio n  p roducts o f  
an amine w ith  a mixed anhydride, considering  both e le c tro n ic  and 
s te r ic  f a c to r s .
The f i r s t  tim e t h a t  mixed anhydrides were s tu d ied  in  th e  
F r ie d e l-C ra f ts  re a c tio n  was in  1932, when Zeavin and F ish e r (5U) 
c a r r ie d  out th e  re a c tio n  o f  benzene w ith  a  s e r ie s  o f  mixed a l l -  
arom atic anhydrides, p rep a red  by th e  re a c tio n  between one ac id  
and the  acy l ch lo rid e  o f th e  o th e r , in  th e  presence o f  p y rid in e .
When benzoic mono-m- n itro b en z o ic  anhydride was used, th e  form ation  
o f a t ra c e  o f  mono-ra-nitrobenzophenone was observed, but in  a l l  
o th e r cases, only benzophenone was re p o rte d ; y ie ld s  ranged from 60 
to  88 p e r cen t w ith  th e  v a rio u s  anhydrides. The re a c tio n s  took
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place a t  steam ba th  tem p era tu re , in  benzene so lu tio n , w ith a r a t io  
o f 2 moles o f  aluminum ch lo rid e  p e r mole o f  anhydride. Zeavin and 
F ish e r appear to  have devoted n e a r ly  a l l  o f  t h e i r  in t e r e s t  and 
e f f o r t s  to  th e  id e n t i f ic a t io n  and sep a ra tio n  o f  th e  one major k e ton ic  
product, in  each o f  t h e i r  experim ents. T heir f a i lu re  to  o b ta in  any 
o f th e  o ther p o ss ib le  ke tones, in  every in s tan ce  except one, d id  no t 
n e c e s sa r ily  mean t h a t  such compounds were not formed in  minor 
q u a n ti t ie s .
W illiam s, D ick ert, and K rynitsky  (53) used ketene to  p repare  
a  s e r ie s  o f  n ine mixed a c e t ic  anhydrides, a l l  a l ip h a tic  except one: 
p ro p io n ic , b u ty r ic , is o b u ty r ic ,  v a le r ic ,  is o v a le r ic ,  tr im e th y la c e t ic ,  
cap ro ic , s te a r ic ,  and benzoic. F r ie d e l-C ra f ts  re a c tio n  o f th ese  
took  p lace in  excess benzene, a s  re a c ta n t and so lven t, w ith a 3 :1  
r a t io  o f AlCl^ to  anhydride, and a t steam b a th  tem peratu re . The 
lower m olecular weight ketone was th e  favored  product in  th e  cases 
o f p rop ion ic , tr im e th y la c e t ic ,  s t e a r ic ,  and benzoic anhydrides. 
Farrug ia  (15) a lso  s tu d ied  a  s e r ie s  o f mixed anhydrides in  th e  
F r ie d e l-C ra fts  re a c tio n . Using carbon d isu lf id e  as so lv en t, o p e ra tin g  
a t  0 - 5°  fo r  th re e  hours, and w ith  th e  anhydride, benzene, and c a ta ly s t  
in  a l s l :3 r a t i o ,  he found th a t  th e  h igher weight ketone
was u su a lly  formed in  g re a te r  q u a n tity  th an  the  low er. His r e s u l t s  
showed th a t  th e  predominance o f h igher m olecular weight ketones 
over lower m olecular w eight ketones v a ried  from strong to  s l ig h t ,  
depending la rg e ly , in  h is  o p in io n , upon th e  r e la t iv e  a c id  s tren g th s  
and s te r ic  h in d ran ces . In  th e  case  o f form ic a c e tic  anhydride, which 
he used under a  wide v a r ie ty  o f  c o n d itio n s , only th e  a c e ty l d e r iv a tiv e  
was found, w ith  no aldehyde form ation observed.
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S ib i l le  (bh) follow ed up F a r ru g ia 's  work by studying th e  
re a c tio n s  o f  a s e r ie s  o f  f iv e  mixed a c e tic  anhydrides. He, l ik e  
F a rru g ia , a ttem pted to  c o r re la te  th e  r e s u l t s  w ith  th e  s t ru c tu ra l  
c h a r a c te r is t ic s  o f  th e  acy l ra d ic a ls  invo lved . S i b i l l e 1s work a lso  
included  a comparison o f  th e  re a c tio n s  o f  equim olar m ixtures o f 
a c e t ic  anhydride and v a le r ic  anhydride w ith  th e  re a c tio n  o f th e  
a c e tic  v a le r ic  anhydride, and a s im ila r  comparison involv ing  a c e tic  
and b u ty ric  anhydrides and a c e tic  b u ty r ic  anhydride. R eactions 
were c a rr ie d  out a t  0° C °,  by th e  a d d itio n  o f one p a r t  benzene to  
e i th e r  one p a r t  o f th e  mixed anhydride, o r  o n e -h a lf  p a r ts  o f each 
o f  th e  simple anhydrides, in  carbon d is u lf id e  so lv en t. S l ig h tly  
more th an  th re e  p a r ts  aluminum ch lo rid e  c a ta ly s t  were used. R elative  
p ropo rtions o f  th e  products d if f e r e d  s ig n if ic a n t ly 3 t h i s  appeared 
to  prove, among o th e r th in g s ,  th a t  re a c tio n  o f th e  mixed anhydride 
d id  no t take  p lace  by means o f d isp ro p o rtio n a tio n  in to  a m ixture 
o f  th e  two simple anhydrides, o r in to  two aluminum ch lo rid e  
complexes. S ib i l le  was th e  f i r s t  o f  th e  workers mentioned here 
t o  use gas chromatography to  e stim ate  r e la t iv e  y ie ld s  o f th e  two 
ketones, w ith consequently  more r e l i a b le  r e s u l t s  than  e a r l i e r  
workers could o b ta in , in  most c a se s , by sep a ra tin g  t h e i r  re a c tio n  
products by d i s t i l l a t i o n  o r  re  c r y s ta l l i z a t io n .
In  view of th e  f a c t  th a t  th e  work o f  Zeavin and F ish e r was 
inconclusive  w ith  re sp e c t t o  th e  r e la t iv e  amounts o f  th e  two 
p o ssib le  ke ton ic  p ro d u c ts , th e  h ig h er m olecular weight ketone having 
been id e n t i f ie d  by them in  only one c a se , th e  p re sen t au thor ( 27 ) ,  
in  a problem preceding th e  p re sen t one, c a r r ie d  ou t a fu r th e r  study
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of mixed arom atic anhydrides in  th e  F r ie d e l-C ra f ts  re a c tio n . Excess 
benzene was used as  so lv en t and re a c ta n t ,  and s l ig h t ly  over th re e  
p a r ts  o f A lC lj was used p e r mole o f  anhydride. In ad d itio n  t o  th e  
re a c tio n s  o f  fou r mixed a ll-a ro m a tic  anhydrides, th e  re a c tio n s  o f  
th re e  a c e t ic  arom atic anhydrides were s tu d ie d . The r e la t iv e  pro­
p o rtio n s  o f th e  ketones ob ta ined  were exp lained  on th e  b a s is  o f a 
combination o f s t e r i c  and e le c tro n ic  f a c to r s .  In ad d itio n , 
p a r a l le l l in g  S ib i l l e ’ s work w ith  m ix tures o f  simple anhydrides, a 
comparison was made o f  th e  re a c tio n  o f benzene with a m ixture o f 
benzoic and £ -n itro b en zo ic  anhydrides w ith  th e  reac tio n  o f benzene 
w ith benzoic m ono-£-nitrobenzoic anhydride. The r e s u l t s  were 
s im ila r  in  p r in c ip le  to  th e  r e s u l t s  o f  S ib i l l e .
The f i r s t  use o f carboxy lic  a c id  anhydrides in  th e  G rignard 
re a c tio n  was re p o rte d  by T is s ie r  and G rignard in  1901 (!#)» They 
added e th e r  so lu tio n s  o f  a c e t ic  and benzoic anhydrides t o  e th e re a l  
methylmagnesium io d id e  cooled  in  ic e ,  and ob tained  t e r t i a r y  a lc o h o ls . 
R eactions o f p h th a lic  anhydride and Grignard reagen ts  were s tu d ied  
in  190k by P ic k le s  and tfcianann (3 9 ) and by Bauer (2 ) . P ick le s  and 
Weizmann ob ta ined  th e  keto  a c id s , among v ario u s  p roducts, and Bauer 
id e n t i f ie d  d ik e to n es . There a re  se v e ra l o th e r p o ssib le  p roducts o f 
re a c tio n  o f  c y c lic  anhydrides, in c lu d in g  p h th a lic , w ith  Grignard 
re a g en ts . These re a c tio n s  have been o u tlin e d  by Kharasch and 
Reinmuth in  t h e i r  book, "G rignard R eactions o f  Nonmetallic S ubstances.
F ou rn ier in  I 90I4. (18) c a r r ie d  ou t a  stucfy o f th e  re a c tio n s  
o f anhydrides w ith  G rignard re a g en ts  a t  a low tem perature (about -2 0 °) 
using h igh  d i lu t io n  and re v e rse  a d d it io n  (ad d itio n  o f Grignard
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reagen t to  th e  anhydride s o lu t io n ) .  He re p o r te d  th a t  th e  re a c tio n  
p roducts from th e  re a c tio n  o f (RGOjgO and R'MgX contained  th e  
ac id  RCQOH, th e  ketone RCOR*, and sm all amounts o f t e r t i a r y  a lco h o l.
Anhydrides used were a c e t ic ,  p ro p io n ic , b u ty r ic ,  iso b u ty r ic , is o ­
v a le r ic ,  and hep tano ic . A v a r ie ty  o f a l ip h a t ic  Grignard reag en ts  
were used, inc lu d in g  both  bromides and c h lo r id e s .
The re a c tio n s  o f many o th e r  sym m etrical anhydrides w ith 
Grignard reag en ts  have been in v e s t ig a te d  under v a rio u s  co n d itio n s , 
by many w orkers, and have been l i s t e d  by Kharasch and Reinmuth (28). 
Ketone y ie ld s  ob ta ined  by w orkers using  non-eye l i e  anhydrides, such 
a s  a c e tic  anhydride, d id  no t exceed 56 p e r  c e n t, and were g en era lly  
not more th an  hS p e r c e n t. No s ig n if ic a n t  improvement in  the  
y ie ld s  o f ketones was made u n t i l  th e  work o f  Newman and Booth in  
19l|l* (31) • They c a r r ie d  out th e  re a c tio n s  o f  Grignard reagen ts 
w ith  anhydrides, m ainly a c e tic  anhydride, a t  about -70° C ., as was 
p rev io u sly  described  on pages 2 -3 . Using a c e t ic  anhydride and a 
v a r ie ty  o f Grignard re a g en ts , 70 to  79 p e r  cent y ie ld s  o f th e  ketones 
were ob ta ined . This method o f ketone p re p a ra t io n  was a lso  used 
su cc e ss fu lly  by o th e r  workers a t  Ohio S ta te  U n iv e rs ity  (11, 3U) and 
by Champaigns and Reid (1 2 ). The study o f  re a c tio n s  o f  Grignard 
reag en ts  w ith  anhydrides a t  low tem peratu res was c a r r ie d  fu r th e r  
by Newman and S n ith , as d iscussed  on pages 3-5 (37)* They s tud ied
RC(GH)R'. F ourn ier form ulated  th e  r e a c t io n  ass 
2
MgXOH + RCGQH + RCOR*
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th e  e f fe c t  o f v a r ia t io n  in  th e  tem perature  o f re a c tio n , th e  e f fe c t  
of v a r ia tio n  from th e  standard  te ch n iq u e , and th e  mechanism o f 
th e  reaction*
There has been considerab le  work done w ith th e  Grignard 
re a c tio n s  o f unsymmetrical c y c lic  anhydrides, s ta r t in g  w ith th a t  
of Bauer in  1911 (3 ) , but as  Scheurer (1*3) poin ted  o u t, very  l i t t l e  
c a re fu l q u a n tita tiv e  work has b een  done. In  most cases th e  p ro d u c t, 
th e o re t ic a l ly  c o n s is tin g  o f a  m ixture o f  two keto ac id  isom ers, 
was no t separa ted  in to  i t s  components because of experim ental 
d i f f i c u l t i e s .  Some o f th e  more v a l id  examples o f th i s  type  o f  
work were th e  re a c tio n s  o f Grignard reag en ts  w ith 1 ,2 -n ap h th a lic  
anhydride (17, 35 ). Upon th e  re a c t io n  o f t h i s  anhydride w ith 
e i th e r  phenylmagnesium bromide o r  £-chlorophenylraagnesium bromide,
III p e r cent y ie ld  o f a  crude m ixture o f  keto  acids was ob ta ined ;
21; p e r  cent o f  t h i s  was formed by re a c tio n  a t  th e  1-carbony l carbon 
and 76 per cen t from re a c tio n  a t  th e  2 -carbonyl carbon. The 
re a c tio n  a t  th e  carbonyl carbon ad jacen t to  th e  su b s titu en t appeared 
to  be in h ib ite d . The re a c tio n  o f  o-tolylmagnesium bromide a t  th e  
1-carbonyl was even more g re a tly  in h ib i te d ,  giving only 7 p e r  cent 
re a c tio n  a t  th e  1-carbony l carbon and 93 p e r  cent a t  th e  2- carbonyl 
carbon, w ith  a  t o t a l  keto  ac id  y ie ld  o f  i;6 per c en t. Thiophene- 
magnesium io d id e  (i&) a lso  re a c te d  predom inantly a t  th e  2-ca rb o n y l 
carbon. 3 , li-D im ethylphthalic anhydride, upon re a c tin g  w ith th e  
Grignard reagent from 3-brom o-o-xylene (38), gave 79 p er cent 
reac tio n  a t  th e  1-carbony l carbon and 21 p e r cent a t  th e  2- carbonyl 
carbon.
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In 1937i Newman (30) c a r r ie d  out th e  re a c tio n  o f 3-m ethyl- 
p h th a lic  anhydride w ith  1-naphthylmagnesium bromide. T o tal y ie ld  o f 
keto ac id  was 53 p e r c en t, w ith  96 p e r cent o f t h i s  formed by 
re a c tio n  a t th e  1-carbonyl carbon and only U per cent a t  th e  2-carbonyl 
carbon. 3-M ethylphthalic anhydride was allowed to  re a c t w ith  phenyl- 
magnesium bromide (3 2 ) ,  and xrith m-xylylmagnesium bromide and 
mesitylmagnesium bromide (33)* Newman and Scheurer (36) th en  decided 
to  see what e f fe c t  th e  s u b s t i tu t io n  o f a ch lo rin e  atom fo r  a  m ethyl 
group in  th e  anhydride might have. R esu lts  o f th e i r  re a c tio n s  o f 
3-ch lo ro p h th a lic  anhydride w ith  pheny l-, m -xy ly l-, and m esity l­
magnesium brom ides, along w ith  th e  r e s u l t s  o f th e  previous work w ith  
3-m ethy lph thalic  anhydride, have been l i s t e d  and d iscussed  on pages 
65-66.
Several methods have been recorded  fo r  accomplishing th e  ' 
conversion o f  a Grignard re a g e n t, BMgX, to  th e  corresponding 
aldehyde, RCHO. The problem was pursued la rg e ly  in  th e  f i r s t  decade 
o f  th i s  cen tu ry . In  1903, Gattermann and M affezzoli (19) found th a t  
a t  -50° C. an excess o f e th y l form ate re a c te d  w ith  Grignard reag en ts  
t o  give p roducts c o n s is tin g  la r g e ly  o f  aldehydes, ra th e r  th an  th e . 
secondary a lcoho ls  formed by f u r th e r  re a c tio n . Bouveault (10) used 
d is u b s ti tu te d  formamides as a  means o f  converting  Grignard reag en ts  
in to  aldehydes. This re a c tio n , however, in  many cases produced 
t e r t i a r y  amines as th e  main p ro d u c t, and Bouveault d id  not give exact 
y ie ld s  o f h is  aldehyde p ro d u c ts . An aldehyde syn thesis  was rep o rted  
involv ing  ad d itio n  o f a G rignard  reagen t to  an isocyanide (Uo), but 
was successfu l only in  th e  case  o f  phenylmagnesium bromide and methyl
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isocyan ide . In  190lt, a  means o f  syn thesiz ing  aldehydes from e th y l  
orbhofonaate and th e  G rigaard  reagen t was d iscovered  independently  
by Bodroux ( 8 ) and T sch itsch ib ab in  (5 0 ). The re a c tio n  was g re a t ly  
a ffe c te d  by s l ig h t  d if fe re n c e s  in  procedure, and y ie ld s  o f a ld e ­
hydes prepared  by t h i s  method have v a r ie d  w idely  (1+6). Aldehydes 
have been p repared  in  sm all y ie ld s  from form ic a c id  and Grignard 
reag en ts  (55, 23 ). The s a l t s  o f form ic ac id  were t r i e d ,  but th e  
y ie ld s  were v ery  poor.
A good method o f  sy n th es is  was d iscovered  by M onier-W illiams 
in  1906 (2 9 ), in  which th e  G rignard reagen t was allow ed t o  re a c t  
w ith  ethoxyraet h y le n e a n ilin e . Y ields ranged from 30 to  60 p er c en t.
In  another method, arom atic aldehydes were p repared  by means o f th e  
re a c tio n  o f  G rignard reag en ts  w ith  c h lo ra l  (i+2)• Secondary t r i -  
ch lo roalcoho ls were formed, transform ed in to  hydroxy a c id s  by a c tio n  
o f a lk a l i ,  and converted  to  aldehydes by h ea tin g  w ith aqueous 
potassium  carbonate .
Wuyts and co-w orkers developed a sy n th es is  in  which a  (fc’ignard  
reagent re a c te d  w ith  carbon d is u lf id e  to  produce a  d i th io  a c id . The 
d ith io  a c id  was converted  in to  an aldehyde d e r iv a tiv e  by th e  a c tio n  
o f sem icarbazide, phenylhydrazine, o r hydroxylamine, and th e  
aldehyde d e r iv a tiv e  hydrolyzed to  th e  aldehyde. This sy n th es is , 
along w ith o th e r  aldehyde syn theses, has been d iscu ssed  by Smith 
and N ichols (1+7 )• By a  co n sid e ra tio n  o f th e  r e s u l t s  in  th e  l i t e r a t u r e  
th e y  concluded th a t  th e  most prom ising methods, as f a r  as y ie ld s  and 
general a p p l ic a b i l i ty  were concerned, were th e  syn theses from e th y l  
o r th o fo m a te , from ethoxym e+hyleneaniline, and from th e  d i th io  a c id .
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Smith and N ichols p repared  a  s e r ie s  o f e i^ a t m ethylated arom atic 
aldehydes by each o f th e se  th re e  methods, and compared th e  y ie ld s  
o f aldehydes, and th e  d i f f i c u l t i e s  involved in  each method. The 
ethoxym ethyleneaniline sy n th es is  gave y ie ld s  rang ing  frcsn 60 to  82 
p er c e n t, U to  17 p e r c en t h ig h e r th an  those ob ta ined  by th e  
orthoform ate method. The d i th io  ac id  sy n th esis  was d i s t in c t ly  
in f e r io r  to  both  o f th e  o th e r  methods.
Another method fo r  th e  p rep a ra tio n  of aldehydes from th e  
corresponding G rignard reag en t has been described re c e n tly  by 
S t i l e s  and S i s t i  (1*5, 1*8). They allowed th e  O ig n a rd  reag en t t o  
re a c t w ith  g-dim ethylam inobenzaldehyas to  form a secondary a lco h o l. 
The a lcoho l was subsequen tly  cleaved  by an e le c tro p h i l ie  re a g en t, 
such a s  d ia z o tiz e d  s u l f a n i l i c  a c id , to  give th e  aldehyde. Y ields 
ranged from 50 to  82 p e r  c e n t .  The re a c tio n  was r e la t iv e ly  insen­
s i t iv e  to  s te r ic  and e le c tro n ic  e f f e c t s  in  th e  aldehyde, and worked 
almost eq u a lly  w e ll fo r  a l ip h a t ic  and arom atic a ldehydes.
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EXPERIMENTAL PART
APPARATUS 
P y ro ly s is  o f  Acetone 
Ketene was generated  in  apparatu s s im ila r  to  th a t  d esc rib ed  
by F iese r and F ie se r  (16 ). A gas washing type absorp tion  v e s s e l  
was used, allow ing th e  gas to  bubble through a h igh le v e l  o f  l iq u id  
befo re  escaping . The h ea tin g  c o i l  was made o f chrcmel “A" w ire .
The ra te  o f production  of th e  ketene was determined by a llow ing  the  
ketene to  re a c t  w ith  a  known excess o f sodium hydroxide, and t i t r a t i n g  
w ith  standard  a c id  u sin g  ph en o lp h th a le in  as in d ic a to r .
G rignard Reagent P repara tions 
A 500 m l. round-bottom  f la s k  was equipped w ith a  m echanical 
s t i r r e r ,  r e f lu x  condenser, and a dropping funnel. The dropping 
fu n n e l and condenser were p ro te c te d  by calcium ch lo rid e  tu b e s .
The re a c tio n  f la s k  was sometimes heated  in  a w ater b a th  or coo led  
in  an ice-w ate r m ix ture.
G rignard  R eactions 
A 500 m l. round-bottom  f la s k ,  equipped w ith  a m echanical 
s t i r r e r ,  calcium  ch lo rid e  d ry in g  tu b e , and a dropping fu n n e l, was 
u sed . The dropping fu n n e l was p ro te c ted  by a calcium  ch lo rid e  
tu b e . The f la s k  was immersed in  a  m ixture o f Dry Ice  and acetone
20
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in  a  Dewar f la s k ;  o r ,  when re a c tio n s  were c a r r ie d  ou t a t  0° C ., 
in  an ic e -w a te r m ix tu re .
Chromat o graphs
Analyses of most samples were c a r r ie d  out by means o f a Beck­
man GC-2 gas chromatograph w ith  a  6 f t .  20 p e r  cent S ilico n  SF 96 
on 30/60 S ilo c e l  column, a f t e r  c a l ib ra t io n  using  a standard  m ixture 
of the  re a c tio n  p roducts expected to  be p re s e n t .  The standards were 
in  most cases analyzed w ith  an e r ro r  o f  n o t more than  one per c e n t.
Analysis o f th e  products o f  re a c tio n  o f formic a c e tic  anhy­
d rid e  w ith  m-chlorophenylmagnesium bromide was c a r r ie d  out by means 
o f a  Barber Cohn an IDS Chromatograph Model 20 w ith  a 200 ft-. Apiezon 
L c a p i l la ry  column.
F rac tio n a tin g  Columns 
Two vacuum -jacketed V igreux-type columns o f d if f e re n t  s iz e s  
were employed. The one most o fte n  used was 9 cm. h igh , and 11 mm. 
in  d iam eter, and th e  o th e r , used fo r  v e ry  sm all q u a n ti t ie s  but no t 
as e f f ic ie n t  in  sep a ra tio n , was 5  cm. h igh  and 7 mm. in  diam eter.
SOURCES AND PURIFICATION OF STARTING MATERIALS 
Before use in  p re p a ra tio n  o f G rignard reag en ts  and in  Grig­
nard  re a c tio n s , M allinckrodt anhydrous e th e r  was d r ie d  and s to red  
over sodium. U ntreated  e th e r  was used in  e x tra c tio n s  o f th e  
aqueous la y e r s .
Matheson, Coleman, and B e ll te tra h y d ro fu ran  was d i s t i l l e d  
and th e  f r a c t io n  b o ilin g  a t  65- 66° was used .
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M allinckrodt a n a ly t ic a l  reag en t grade acetone was used in  
th e  p rep a ra tio n  o f k e ten e . M allinckrod t anhydrous sodium s u lfa te  
and calcium  ch lo rid e  and o th e r  in o rg an ic  reag en ts  were used fo r  
drying and v ario u s o th e r  pu rposes.
Matheson* Coleman, and B e ll reag en t grade organic ac id s  were 
used w ithout f u r th e r  p u r i f i c a t io n .
Eastman, Matheson, Coleman, and B e ll ,  and J .  T. Baker arom atic 
and a l ip h a tic  h a lid e s  were d rie d  w ith  anhydrous sodium s u lf a te ,  be fo re  
use in  p re p a ra tio n  o f G rignard  re a g e n ts .
F ish e r magnesium m eta l tu rn in g s  were washed w ith  e th e r  and 
d ried  a t  100*120°, be fo re  use in  G rignard reagen t p re p a ra tio n .
M allinckrodt a c e tic  anhydride was d i s t i l l e d  a t  kh mm. p re ssu re  
and th e  f r a c t io n  b o ilin g  a t  60 .5-62° was c o lle c te d  fo r  use in  Ch*ig- 
nard  re a c t io n s .
Eastman b u ty ric  anhydride was d i s t i l l e d  a t  10 ram. p re ssu re  
and th e  f r a c t io n  b o il in g  a t  6 o 6 l°  was c o lle c te d  fo r  use in  
Grignard re a c t io n s .
V aleric  anhydride was p rep ared  by  a method s im ila r  to  th a t  
o u tlin ed  on page 31 h in  Vogel (5 2 ). V a le r ic  a c id  was f i r s t  a ce ty - 
la te d  w ith  ke ten e . Using an o i l  b a th , th e  re a c tio n  m ixture was 
heated  to  220°  over a  p e rio d  o f  one hour and m aintained a t 220°  
fo r  3 hours w hile ace to n e , k e ten e , and a c e tic  acid  were removed*
The m ixture was th en  d i s t i l l e d  a t  15 mm. p re s su re . The f r a c t io n  
d i s t i l l i n g  a t  l lO - l l l i0 was r e d i s t i l l e d  and th e  f r a c t io n  from th e  
second d i s t i l l a t i o n  b o il in g  a t  110-112° was used in  th e  Grignard 
re a c tio n .
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Matheson, Coleman, and B e l l ,  J .  T. Baker, and F ish e r ketones 
and aldehydes were d i s t i l l e d  f o r  use  as chromatographic s tan d ard s . 
F ish er secondary a lco h o ls  were d i s t i l l e d  fo r  use as  chroma,, graphic 
s tan d ard s .
F ish er ketones were used fo r  p re p a ra tio n  o f t e r t i a r y  a lco h o ls  
used fo r  chromatographic s tan d a rd s . The t e r t i a r y  a lcoho ls  were p re­
pared by the re a c tio n  o f a  G rignard reag en t w ith  the  ap p ro p ria te  
ke tone, and were p u r if ie d  by d i s t i l l a t i o n .
METHODS OF PREPARATION 
Mixed A cetic Anhydrides (O ther Than Formic)
A ll mixed anhydrides, excep t form ic a c e tic  anhydride, were 
p repared  by a c e ty la tio n  o f  th e  a p p ro p ria te  carboxylic  a c id s  w ith  
ketene (25). A ll o f  th e  a c id s  used were l iq u id s ,  and s l ig h t ly  more 
th a n  th e  th e o r e t ic a l  amount o f  ketene was passed  d i r e c t ly  in to  them. 
The absorp tion  v e s s e l was immersed in  an ic e -w a te r ba th  throughout 
th e  passage o f k e ten e , because th e  re a c tio n s  o f  th e  ac id s w ith 
ketene were exotherm ic, and because mixed anhydrides had a  tendency 
to  d isp ro p o rtio n a te  a t  h igh  tem p era tu res .
When a c e ty la tio n  was com plete, th e  anhydride was poured in to  
a f la s k ,  and th e  f la s k ,  w hile cooled in  i c e ,  was evacuated to  about 
mm. p ressu re  by means o f a  w ater a s p i r a to r .  This reduced p re ssu re  
was m aintained fo r  about te n  m inu tes, in  o rd e r to  remove excess ketene 
and any o th er v o la t i l e  im p u r i t ie s .  The anhydride was then  washed 
in  a sep a ra to ry  fu n n e l w ith  co ld  (0- 5° )  10  p e r  cen t sodium carbonate  
so lu tio n  u n t i l  no f u r th e r  ev o lu tio n  o f gas could be d e tec te d . Three 
washings w ith  approxim ately 100 m l. p o rtio n s  o f carbonate so lu tio n
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were u su a lly  s u f f ic ie n t .  The anhydride was sep ara ted  from th e  
aqueous la y e r ,  and d ried  w ith anhydrous calcium c h lo rid e . Samples 
were taken  fo r  t i t r a t i o n  to  determ ine n e u tra l iz a t io n  c o n sta n ts , and 
fo r  r e f ra c t iv e  index measurements. The anhydride was no t d i s t i l l e d ,  
bu t was used immediately in  th e  Grignard re a c tio n .
Formic A cetic Anhydride
F o rm ic  a c e tic  a n h y d rid e  was p re p a re d  in  tw o  w ays. I n  th e  
f i r s t  m e thod , f i r s t  used b y  B e h a i ( 2*, 5 ) and m o d ifie d  somewhat by- 
Edwards and Reeves (1 3 ), a m ix tu re  o f  a c e t ic  a n h y d rid e  and fo rm ic  
a c id  in  a  I*s3 m o la r r a t io  was h e a te d  u n d e r r e f lu x  f o r  one h o u r a t 
50° .  The m ix tu re  was th e n  d is t i l le d  a t 1*5 mm. p re s s u re  and a 
f r a c t io n  c o lle c te d  a t  1*3- 2*7°. T h is  f r a c t io n  was washed w ith  
p e tro le u m  e th e r t o  rem ove im p u r it ie s ,  and d is t i l le d  a g a in  a t  2*5 mm. 
The f r a c t io n  c o lle c te d  a t  l* i*-i*6 ° was used in  th e  G rig n a rd  re a c t io n ,  
a f te r  sam ples w ere ta k e n  f o r  t i t r a t i o n ,  and fo r  r e f r a c t iv e  in d e x  
m easurem ent.
The form ic a c e tic  anhydride used in  th e  m ajo rity  o f runs 
was prepared  by a c e ty la tio n  of form ic ac id  w ith  ke tene . S lig h tly  
more th an  the  th e o r e t ic a l  amount o f ketene was passed in to  th e  
formic a c id , in  an abso rp tion  v e sse l immersed in  an ic e -w a te r b a th , 
as fo r  th e  o th er anhydrides. As b e fo re , th e  anhydride was poured 
in to  a f la s k  and th e  f la s k  evacuated fo r  about ten  m inutes. How­
ever, in s te a d  o f  washing, which caused d isp ropo rtdonation , th e  
anhydride was d i s t i l l e d  a t  2*5 mm. p re ssu re , and th e  d i s t i l l a t e  
c o lle c te d  a t  2*2* .5- 1*6 . 5°  used in  th e  Grignard re a c tio n .
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Samples o f anhydride from each run  were sealed  and s to red  
in  g la ss  tu b e s . A sample p repared  about fo u r months e a r l i e r  by 
th e  ketene method was sen t fo r  carbon and hydrogen a n a ly s is . The 
an a ly st commented in  h is  re p ly  th a t  th ey  were unable to  run an 
a n a ly s is  on th e  sample* because th e  sample exploded as th e  te ch n ic ia n  
opened th e  tu b e . He commented th a t  p o ss ib ly  peroxide form ation 
had taken p la c e . A re c e n tly  p repared  sample was sent fo r  a n a ly s is j  
th e  same d i f f i c u l ty  was found* th e re fo re  no analyses were ob ta ined .
Pre p a ra tio n  of  Grignard Reage n ts  
Grignard reag en ts  were p repared  by methods s im ila r to  those  
o u tlin ed  in  Vogel (52)* pages 257 and 756. The procedures fo r  
p rep a ra tio n  of a l ip h a tic  and arom atic Grignard reagen ts  were s l ig h t ly  
d if f e r e n t .  For b o th  ty p e s , magnesium and a sm all c ry s ta l  o f  iod ine  
were p laced  in  th e  re a c tio n  f la s k .  In  th e  p rep a ra tio n  o f arom atic 
G rigaard reagents*  about 15 ml. o f  th e  arom atic  h a lid e  and 20 m l. 
o f  e th e r were a lso  p laced  in  th e  f la s k ,  and th e  re a c tio n  was s ta r te d  
by re flu x in g  on a w ater b a th . A fte r th e  re a c tio n  began, th e  rem ainder 
o f  the  h a lid e , in  about 125  m l. o f  ether*  was added g rad u a lly  t o  th e  
re a c tio n  v e s s e l. In  th e  p re p a ra tio n  o f a l ip h a t ic  Grignard reagents*  
about 150 m l. o f e th e r  was p re se n t in  th e  re a c tio n  f la s k  a t  th e  
s ta r t*  and th e  re a c tio n  was s ta r te d  by running about 15 m l. o f  an 
e th e r  so lu tio n  o f th e  h a lid e  in to  th e  re a c tio n  f la s k ;  t h i s  was 
followed by gradual ad d itio n  o f  th e  rem ainder o f the  h a lid e  so lu tio n , 
w ith  cooling  in  an ic e -w a te r m ix tu re . H eating was not necessa ry  fo r  
s ta r t in g  th e  re a c tio n , except in  th e  p rep a ra tio n  o f butylmagne siura 
ch lo rid e .
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In  th e  p re p a ra tio n  o f arom atic  Grignard re a g en ts , a f t e r  
ad d itio n  was com plete, th e  r e a c t io n  m ixture  was re flu x ed  on a w ater 
b a th  fo r  30 m inu tes. In  th e  p re p a ra tio n  o f a l ip h a tic  reag en ts , 
s t i r r i n g  was continued f o r  15 m inutes a f t e r  a d d itio n , w ithout h ea tin g .
The s tre n g th s  o f  th e  G rignard reag en ts  were determined by 
th e  acid  t i t r a t i o n  method (2 2 ). A 5 m l. p o rtio n  o f the  G rignard 
reagen t was added to  w a ter, l ib e r a t in g  b ase . An excess o f  standard  
a c id  was added to  r e a c t  w ith th e  l ib e r a te d  base , followed by back 
t i t r a t i o n  o f th e  excess ac id  w ith  a  s tan d ard  base so lu tio n . The 
Grignard reagen t was s to re d  in  a  d e s ic c a to r  f o r  the  short tim e 
(u su a lly  1-2  hours) du ring  which p re p a ra tio n  o f th e  mixed anhydride 
was being completed.
GRIGNARD REACTIONS (GENERAL PROCEDURE)
The Grignard reag en t was added dropwise over a  p e rio d  o f  one 
hour (about 0 .2  m oles/hour) to  a  so lu tio n  o f th e  anhydride in  about 
120 m l. o f e th e r  (o r in  te tra h y d ro fu ra n , in  Runs 22-21* and 59-61), 
cooled to  -78° C. The re a c t io n  was allow ed to  proceed f o r  two hours 
a f t e r  ad d itio n  was com plete! s t i r r i n g  was continued th roughout.
The re a c tio n  m ixture was th e n  allow ed to  warn to  about -10° C.5  i t  
was hydrolyzed w ith  s a tu ra te d  aqueous ammonium ch lo ride  so lu tio n , 
and th e  two-phase system t r a n s f e r r e d  to  a sep ara to ry  fu n n e l. The 
aqueous la y e r  was removed, and th e  e th e r  so lu tio n  was washed tw ice 
w ith  f iv e  p e r cent sodium hydroxide so lu tio n  and once w ith  sa tu ra te d  
sodium ch lo rid e  s o lu tio n . The washings were e x tra c te d  w ith  e th e r ,  
th e  e x tra c ts  added to  th e  o r ig in a l  e th e r  so lu tio n , and th e  r e s u l t in g  
t o t a l  e th e r so lu tio n  d rie d  w ith  anhydrous sodium s u lfa te .  In  most
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c ase s , a f te r  f i l t r a t i o n ,  e th e r  was d i s t i l l e d  o ff  u n t i l  th e  so lu tio n  
reached a  volume o f 75-100  m l . , from which two samples o f about 
0.02 m l. each were analyzed by  means of the  gas chromatograph. In  
some c a se s , where chrom atographic exam ination o f one o r more runs 
d rie d  w ith  anhydrous sodium s u lfa te  (o r no t d ried  a t  a l l )  showed 
th a t  no a lco h o ls  were p re se n t in  app reciab le  q u an tity , calcium  
ch lo rid e  was used as a  d ry in g  agent in  some o f th e  checking runs 
made from th e  same m a te r ia ls .
The r e la t iv e  p ro p o rtio n s  o f th e  two main re a c tio n  p roducts 
(two k e to n es , o r  ketone and a ldehyde), determined from chromato­
graphic d a ta , were reaso n ab ly  a cc u ra te . Standard e th e r  (o r  t e t r a -  
hydrofuran) so lu tio n s  co n ta in in g  compounds corresponding to  p ro ­
ducts o f each type o f r e a c t io n  were analyzed . These so lu tio n s  
con tained  known q u a n ti t ie s  o f  th e  two main carbonyl p ro d u c ts , and 
ap p ro p ria te  amounts o f  any im p u r it ie s ,  such as  unreacted h a lid e s  
from p re p a ra tio n  o f  th e  G rignard re a g e n ts , which were p re sen t in  
th e  corresponding experim en tal ru n . In a l l  cases, th e  p ro p o rtio n s  
o f the  carbonyl compounds in  th e  s tandard  so lu tio n s , c a lc u la te d  
from chrom atographic d a ta , were w ith in  one p er cent o f the  known 
v a lu es . Chromatographic d e te rm in a tio n  o f  th e  r e la t iv e  p ro p o rtio n s  
o f fo u r compounds, when two a lco h o ls  were p resen t in  th e  s tandard  
so lu tio n  in  a d d itio n  to  th e  two carbonyl compounds, was somewhat 
le s s  a c c u ra te . However, accuracy  in  determ ination of th e  r e la t iv e  
p ro p o rtio n s  o f th e  two carbonyl compounds considered alone rem ained 
th e  same as when th e  a lco h o ls  were no t p re se n t.
The determ ination  o f  th e  ab so lu te  q u a n titie s  o f th e  re a c tio n  
p roducts was ap p rec iab ly  l e s s  a ccu ra te  than  was th e  determ ina tion
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o f the  r e la t iv e  p ro p o rtio n s . Since th e  p re se n t au thor was most 
in te re s te d  in  th e  r e la t iv e  p ro p o rtio n s , th e se  were determined in  
most cases before d i s t i l l a t i o n  o f  th e  p roducts , avoiding any 
p o ss ib le  lo sse s  o r e r ro rs  caused by such d i s t i l l a t i o n .  The abso lu te  
q u a n tit ie s  were then  estim ated  by co llec tin g  and weighing the  
m a te r ia l  d i s t i l l i n g  over th e  e n t i r e  range o f th e  b o ilin g  p o in ts  
o f  th e  main re a c tio n  p ro d u c ts . The q u a n tity  o f each product was 
c a lc u la te d  from th e  p rev io u s ly  determ ined r e la t iv e  p ro p o rtio n s.
In  sev e ra l cases, m a te r ia l o ther th an  th e  ma in  reac tio n  products 
was a lso  c o lle c te d  in  th e  given ran g e . Q u an titie s  o f these  com­
pounds were th e re fo re  determ ined a ls o . Examples may be found in  
th e  d e sc rip tio n s  (pages 29-U5) o f  th e  various types o f re a c tio n s .
In th e  products o f a  few ty p e s  o f Grignard re a c tio n s  th e re  
was no v o la t i le  f r a c t io n  h igher th a n  th e  h ig h e r-b o ilin g  carbonyl 
compound, making complete recovery  o f t h i s  ketone by d i s t i l l a t i o n  
u n sa tis fa c to ry . The carbonyl t i t r a t i o n  method was th e re fo re  used 
in  such s i tu a t io n s .  An excess o f hydroxylamine hydrochloride 
so lu tio n  was p e rm itted  to  re a c t  w ith  an a liq u o t so lu tio n  o f th e  
re a c tio n  products, and th e  l ib e ra te d  hydrogen ch lo ride  was t i t r a t e d  
w ith  standard  sodium hydroxide so lu tio n . From th e  t o t a l  moles o f 
carbonyl compounds c a lc u la te d  to  be p re se n t, and from gas chromato­
graph d a ta , th e  q u a n tit ie s  o f  th e  two ketones were determined.
Attempts to  determ ine th e  ketone r a t io s  by q u a n tita tiv e  
f r a c t io n a l  d i s t i l l a t i o n  o f th e  p ro ducts  showed th i s  method to  be 
im p rac tic a l, o r a t b e s t le s s  accu ra te  than  chromatographic e stim atio n . 
I t  was necessary , however, to  sep a ra te  some o f each product, in  o rder
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to  id e n tify  i t  p o s itiv e ly *  Samples o f th e  aldehydes and ketones were 
co lle c te d  a t th e i r  c h a r a c te r is t ic  b o ilin g  p o in ts , and re f r a c t iv e  index 
measurements were taken . Two d e r iv a tiv e s  o f  each were p repared , w ith  
th e  exception o f th e  few cases where only one d e riv a tiv e  was re p o rte d  
in  th e  l i t e r a t u r e .  In  a d d itio n , e lem ental analyses o f  aldehydes were 
c a rried  out* A lcohols were id e n t i f ie d  by means of th e i r  re te n tio n  
tim es on the  gas chromatograph, and in  some in stances by th e i r  charac­
t e r i s t i c  b o ilin g  p o in ts ,  and by m elting  p o in ts  of d e r iv a tiv e s .
Three or more checking runs were made fo r most re a c tio n s . 
Exceptions, in  which ju s t  two runs were made, were: th e  re a c tio n  o f 
formic a c e tic  anhydride w ith  phenylmagnesium bromide when la rg e  
q u a n titie s  o f s ta r t in g  m a te r ia ls  were u sed ; th e  reac tio n  o f form ic 
a ce tic  anhydride w ith £-tolylm agnesium  bromide, using a 2 :1  molar 
r a t io  o f anhydride to  G rignard re a g en t; and th e  re a c tio n  o f  form ic 
a c e tic  anhydride w ith  butylmagnesium c h lo rid e , the  only one in v o lv in g  
a ch lo rid e . In  th e  fo llow ing  pages (29-ii.5), a run i l l u s t r a t i n g  each 
type  of re a c tio n  has been d esc rib ed , w ith mention o f any v a r ia t io n s  
from the genera l procedure. A ll tem peratu res have been expressed 
in  degrees cen tig rad e .
GRIGNARD REACTIONS OF MIXED CAKBOXHJG ANHYDRIDES 
A cetic B utyric  Anhydride — Phenylmagnesium Bromide: Runs 1-6 
Run No. 2
Anhydride -  17*9 g* (0.138 m o les). Grignard reagent -  0.138 m oles.
T o tal
Y ield Moles
P er cent 
Y ield
Mole Per cent 
o f T o tal Ketones
acetophenone 6 .11  g. 0.0^09 36.8 65.1
butyrophenone U.Ol; g. 0.0273 19-8 3U*9
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D is t i l l a t io n  a t  20 ram. p re s su re  over th e  range 89-121° C. 
gave 10.15 g* o f p ro d u c t. This was c a lc u la te d  from chrom atographic 
data  to  con tain  6 .11  g. acetophenone and l+.OU g* butyrophenone.
Upon fu r th e r  d i s t i l l a t i o n ,  samples o f acetophenone and butyrophenone 
were c o lle c te d  a t  91- 93° and 115- 117° ,  re sp e c tiv e ly .
A cetic V aleric  Anhydride -  Phenylmagnesium Bromide: Runs 7-9 
Run No. 7
Anhydride -  30.1 g. (0.209 m o les). Grignard reagen t -  0.209 moles.
T o ta l Per cent Mole P er cent
Y ield Moles Y ield o f T o ta l Ketones
acetophenone 9*73 g* 0 .0 8 1 0  38.6 6IJ..I4.
valerophenone 7*37 g« 0.0U5U 21.7 35*6
D is t i l l a t io n  a t  20 mm. over th e  range  89°-132° C. gave
17.10 g . o f  p ro d u c t. Samples o f acetophenone and valerophenone
were c o lle c te d  a t  91-93° and 127-129.5°, re sp e c tiv e ly .
A cetic Caproic Anhydride -  Phenylmagnesium Bromide; Runs 10-12 
Run No. 10
Anhydride -  31*75 g« (0.200 m o les). Grignard reagent -  0.200 m oles.
T o ta l Per cent Mole P er cen t
Y ield Moles Yield o f T o ta l Ketones
8 .9 0  g. O.C7iiO 36.9 6 1 .6
8 .1 8  g. 0.0165 23.U 38. h
acetophenone 
caprophenone
D is t i l l a t io n  was c a r r ie d  out over th e  r  ange 89-100° a t  20 mm.
The p ressu re  was th en  reduced to  llj. ram., and d i s t i l l a t e  c o lle c te d  up 
to  139° C. The t o t a l  d i s t i l l a t e  c o lle c te d  was 18 .L l g . j  however,
1*33 g* o f t h i s  was c a lc u la te d  by chromatographic d a ta  to  be b ipheny l,
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a by-product o f  th e  p rep a ra tio n  o f  th e  Grignard re a g en t. The 
b iphenyl was c o lle c te d  between th e  b o ilin g  ranges o f acetophenone 
and caprophenone. A sample o f  b iphenyl -was c o lle c te d  a t  128-130° 
a t lit ma« p re ssu re . I t  s o l id i f ie d  in  th e  rece iv in g  f la s k  and was 
id e n t i f ie d  by i t s  m elting  p o in t (69-71°), mixed m elting  p o in t ,  and 
comparison o f chromatograph re te n tio n  tim e w ith th a t  o f a  known 
sample o f b ipheny l. Samples o f acetophenone and caprophenone were 
c o lle c te d  a t  91-93° a t  20 mm*, and 13^-136° a t lit mm., re s p e c tiv e ly .
A cetic Iso b u ty ric  Anhydride -  Fnenylmagnesinm Bromide: Runs 13-1$ 
Run No. 13
Anhydride -  21*0 g« (0.162 m oles). Grigoard reagen t -  0.162 m oles.
T o ta l P er cent Mole Per cent
Y ield Moles Y isld o f T o ta l Ketones
acetophenone 6.66 g . 0.0555 3li*3 69.9
isobutyrophenone 3*52 g. 0.0238 Ik . 7 30 .1
D is t i l l a t io n  a t  20 mm* over th e  range 89-113° gave 10.18 g. 
of product* Samples of acetophenone and isobutyrophenone were 
c o lle c te d  a t  91-93° and 106-108°, re sp e c tiv e ly .
A cetic o(-M ethylbtrtyric Anhydride -  Phenylmagnesium Bromide: Runs 16-18 
Run No* 17
Anhydride -  17*0 g . (0.118 m oles). Grignard reag en t -  0*118 m oles.
T o ta l Per cen t Mole Per cen t
H e ld  Moles H e ld o f T o ta l Ketones
acetophenone 6.1t5 g* 0.0536 lt5.lt 76 .1
0( -methylbutyrophenone 2 .7 2  g. 0.0168 lit* 2 23*9
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D is t i l l a t io n  a t  20 ram. over th e  range 89-122° C. gave 9*17 
g . o f p roduct. Samples o f  acetophenone and QC-methylbutyrophenone 
were c o lle c te d  a t  91-93° and 116-118°. re sp e c tiv e ly .
A cetic Iso v a le r ic  Anhydride -  Phenylmagnesivrni Bromide: Runs 19-21 
Run No. 19
Anhydride -  11*.]; g. (0.100 m o les). Grignard reagen t -  0.100 m oles.
T o ta l P er cen t Mole Per cent
Y ield  Moles Y ield o f T o ta l Ketones
acetophenone i;.80 g . 0.0i;00 1;0.0 67.0
isovalerophenone 3*17 g* 0.0196 1 9 .6  33*0
D is t i l l a t io n  a t  20 ram. over th e  range 89-12$° gave 7*97 g*
o f  p roduct. Samples o f acetophenone and isovalerophenone were
c o lle c te d  a t  91-93° and 119-121°, re s p e c tiv e ly .
A cetic B utyric  Anhydride -  Phenylmagne siim  Bromide 3 T etra - 
hydrofuran Used as S o lven t, in  P lace o f E th e r; Runs 22-21;
Run No. 23
Anhydride -  17*5 g« (0.13$ m o les). Grignard reagen t -  0.13$ moles.
T o ta l Per cent Mole Per cen t
Y ield Moles Y ield o f  T o ta l Ketones
acetophenone 7*10 g . 0.0$92 1*3»9 62.9
bu tyrophe none  $ .1 9  g . 0 . 03$0 2 $ .9  3 7 .1
As w ith  p rev io u s ly -d e sc rib ed  runs (Nos. 1-6) involv ing  th e se
two p ro d u c ts , d i s t i l l a t i o n  was c a r r ie d  out a t  20 ram. p ressu re  over
a range o f 89-121°. Samples o f  th e  p roducts were obtained as
b e fo re .
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A cetic B utyric  Anhydride -  Propylmagnesium Bromides Runs 25-27 
Run No* 2?
Anhydride -  15*3 g« (0.118 m o les). Grignard reagent -  0.118 m oles.
T otal P er cent Mole P er cent
Y ield Moles Y ield o f T o ta l Ketones
m ethyl propyl ketone 3.1*1* g« O.CUOO 33.9 56 .6
d ip ropy l ketone 3*50 g. 0.0307 26.1 1*3.1*
Recovery o f  th e  t o t a l  y ie ld  o f  ketones by d i s t i l l a t i o n  was
u n sa tis fa c to ry . A 10 m l. a liq u o t p o rtio n  o f th e  52.5 m l. e th e r
so lu tio n  o f re a c tio n  p roducts was tak en , and th e  carbonyl t i t r a t i o n
method was used, as described  on page 28. From the t o t a l  m oles o f
carbonyl products shown to  be p re s e n t, and from gas chromatograph
d a ta , th e  q u a n tit ie s  o f th e  two ketones were determ ined. The 1*2.5
m l. o f  so lu tio n  rem aining ( a f te r  t i t r a t i o n  o f the  10 m l. a l iq u o t)
was d i s t i l l e d  a t  atm ospheric p re s su re . Samples o f methyl p ro p y l
ketone and d ip ro p y l ketone were c o lle c te d  a t  101-103° and l!*3-
l l* l* ° ,  r e s p e c t iv e ly .
A cetic and B utyric Anhydrides -  Phenylmagnesium Bromide: Runs 28-30 
Run No. 28
A cetic anhydride -  8 .89 g« (0.0871 m oles).
B utyric anhydride -  13.79 g* (0.0871 m oles). Grignard reag en t -
0 . 171*2 moles
T o ta l
Y ield Moles
Per een t 
Y ield
Moles P er cen t 
o f T o ta l Ketones
acetophenone 7*76 g. 0.061*5 37 .1 62 .8
butyrophenone 5*57 g . 0.0378 2 1 .5 37 .2
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A procedure s im ila r  t o  th a t  employed fo r  the  re a c tio n  o f  a c e t ic  
b u ty ric  anhydride w ith  phenylmagnesium bromide (Runs 1-6) was fo llow ed 
in  t h i s  ru n .
A cetic and V aleric  Anhydrides °  Phenylmagnesium Bromide; Runs 31-33 
Run No. 31
A cetic anhydride -  7«l5  g* ( 0 .0698  m oles).
V alerie  anhydride -  13*C g . (0.0698 m oles). G rignard reag en t -
0.1396 m oles.
T o ta l
Y ie ld Moles
Per cent 
Yield
Mole Per cen t 
o f T o ta l Ketones
acetophenone 6 .75  g« 0.0563 ir0.2 65*5
valerophenone i t .85 g» 0.0300 21. h 31*. 5
A procedure s im ila r  to  th a t  employed fo r  the  re a c tio n  o f a c e tic  
v a le r ic  anhydride w ith  phenylmagne sium bromide (Runs 7-9) was follow ed 
in  t h i s  ru n .
Formic A cetic  Anhydride -  Phenylmagnesium Bromides Runs 3U-U1;
Run No. 37
Anhydride -  13*9 g« (0 .158 m oles). Grignard reag en t -  0.158 m oles.




Mole P er cen t 
o f  T o ta l Carbonyl
benzaldehyde 6 .00  g. 0.0561* 35.8 82.7
acetophenone I .lt2  g . 0.0118 7.U 17.3
Chromatographic a n a ly s is  o f  th e  e th e r  so lu tio n  o f re a c tio n
products gave th e  r e l a t iv e  p ro p o rtio n s  o f th e  p ro d u c ts . Uhreacted 
brcmobenzene frcm th e  p re p a ra t io n  o f th e  Grignard reagen t cou ld  n o t 
be sep ara ted  c le a n ly  frcm  benzaldehyde except by f r a c t io n a l  d is ­
t i l l a t i o n .  The p ro d u c ts  were th e re fo re  d i s t i l l e d  a t  20 mm.j and
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c o lle c te d  over th e  range l+5O"105° Chromatographic d a ta  showed 
th e  presence o f 1.82 g . o f  brcmobenzene, in  ad d ition  to  th e  above 
q u a n tit ie s  of benzaldehyde and acetophenone. Upon fu r th e r  d i s t i l l a ­
t i o n ,  a  sample o f benzaldehyde was c o lle c te d  a t  179-180° a t  atmos­
p h e ric  p re ssu re , and a  very  sm all sample o f acetophenone was 
c o lle c te d  a t  91-92° a t  20 ram. p re s su re .
Run No. hO
Anhydride -  72.7 g» (0.827 m o les). Grignard reagent -  0.827 m oles.
The q u a n ti t ie s  o f th e  s ta r t in g  m a te r ia ls  were about f iv e  tim es 
as g rea t as those  used in  th e  o th e r  rim s. The reac tio n  was c a r r ie d  
out in  the  same g en era l manner a s  fo r  prev ious runs, w ith minor 
excep tions. A one l i t e r  re a c tio n  f la s k  was used in s te a d  of th e  500 
m l. f la s k j  the  G rignard reag en t was added during  a period  o f  2-1/2  
hours, and th e  re a c tio n  allow ed to  continue fo r  2 hours a f t e r  a d d itio n  
was com plete. The above f ig u re s  were ob ta ined  in  th e  same manner 
as fo r  Run 37j chrom atographic d a ta  were ap p lied  to  th e  d i s t i l l a t e  
c o lle c te d  over th e  range 1+6-107° a t  20 mm. (39*2 g . ) .  10.3 g* o f  
bromobenzene was shown t o  be p re s e n t.
An attem pt was made to  reco v er th e  benzaldehyde by d i s t i l l a ­
t io n .  The fo llow ing  f r a c t io n s  were taken  throughout the  d i s t i l l a ­
t io n ,  as th e  tem perature  ro se  from 1+6° to  105°.
T o ta l
Y ield
Per cent Mole Per cent 
Moles Y ield o f T o ta l Carbonyl
benzaldehyde 26.12 g . 0 . 21+60 29*8
acetophenone 2.78 g . 0.0231 2.8
91.U
8.6
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A; 16-50° -  2 .7  g .
B: 50-67° -  11.0  g.
G: 67-75° -  22.5 g.
Ds 75-105° -  3 .0  g.
F rac tio n  B was r e d i s t i l l e d ;  i t s  h ig h er b o ilin g  p a rt (67-70°) weighed 
2.05 g« and was combined w ith  f r a c t io n  C o f th e  f i r s t  d i s t i l l a t io n . ,  
g iv ing  a t o t a l  o f  2U.55 g« o f crude benzaldehyde. This was r e d is ­
t i l l e d ,  g iv ing  20.5  g . o f  product c o lle c te d  from 69° to  72° (rep o rted  
value a t  20 mm. i s  70-71°)* This benzaldehyde was found to  have a 
r e f ra c t iv e  index of 1.5U69 a t  20° (rep o rted  value  i s  1.5U53). On 
fu r th e r  r e d i s t i l l a t i o n ,  a t atm ospheric p re ssu re , lh .2  g . was c o lle c te d  
over th e  range 179-180°. The re f r a c t iv e  index a t  20° o f  t h i s  sample 
was 1.5U56.
Formic A cetic Anhydride -  o-Tolylmagnesium Bromides Runs 
Run No. U5
Anhydride -  10*55 g* (0.121 m oles). Grignard reagen t -  0.121 m oles.
T o ta l Per cent Mole P er cent
Y ield Moles Y ield o f  T o ta l Carbonyl
o-methylbenzaldehyde 3«70 g . 0.0308 25* it 97«0
o-methylacetophenone 0.13 g» 0.0010 0 .8  3*0
Chromatographic a n a ly s is  gave th e  r e la t iv e  p ro p o rtio n s  o f  
th e  reac tio n  p ro d u c ts . Uhreacted o-bromotoluene from th e  p rep a ra ­
t io n  o f th e  Grignard reagen t in te r f e re d  w ith  th e  se p a ra tio n  o f  th e  
aldehyde by d i s t i l l a t i o n ;  th e re fo re , m a te r ia l d i s t i l l i n g  over th e  
range 55-100° a t  10 ram. p ressu re  was c o lle c te d , and abso lu te  
q u a n tit ie s  determ ined from chromatographic d a ta . The above f ig u re s  
fo r  the  aldehyde and ketone were ob ta ined  in  t h i s  way; in  a d d itio n ,
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1 .9  g. o f o-bromotoluene was shown to  be p re se n t. A sample o f th e  
aldehyde was c o lle c te d  a t  92- 9I40 a t 10 mm. The ketone was p re sen t 
in  too sm all a  q u an tity  to  be sep a ra ted .
Foimic A cetic Anhydride -  m-Tolylmagnesium Bromide; Rons U8-50 
Rm Ho. SO
Anhydride *» 10.6 g . (0 .121 m o les). G rignard reagen t -  0.121 m oles.
T o ta l
Y ield Moles
P er cent 
Y ield
Mole Per cen t 
o f T o ta l Carbonyl
m-met hylbena aldehyde it. 93 g« O.OitlO 33.9 97.lt
m-mebhylacetophenone 0.15 g. 0.0011 0 .9 2 .6
M ate ria l d i s t i l l i n g  over th e  range 60-105° a t 12 mm. p re s su re , 
inc lud ing  unreacted  m-bromotoluene frcgr- Grignard reagen t p re p a ra tio n , 
was c o lle c te d , and chrom atographic techn iques ap p lied . In  a d d itio n  
to  the  above q u a n t i t ie s ,  1 .6  g . o f  m-bromotoluene was shown to  be 
p re se n t. A sample o f th e  aldehyde was c o lle c te d  a t 93-9U0 a t  17 mm. 
Not enough ketone was p re sen t to  perm it sep a ra tio n .
Formic A cetic Anhydride -  p-Tolylmagnesium Bromides Runs 51-55 
Run No. 51
Anhydride -  10.6 g . (0 .121 m oles). Grignard reagent -  0.121 m oles.
T o ta l P er cent Mole Per cent
Y ield Moles Y ield o f  T o ta l Carbonyl
g-methylbenzaldehyde 5*00 g . 0 .0 ltl7  3U»5 98.1
g-methylacetophenone 0.10 g . 0.0007 0 .6  1 .9
M ate ria l d i s t i l l i n g  over th e  range 70-108° a t  10 mm. p re s su re ,
inc lud ing  £-brom otoluene, was c o lle c te d , and q u a n titie s  determ ined
from chromatographic d a ta . In  a d d itio n  to  th e  above q u a n t i t ie s ,
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1 .8  g . o f £-bromotoluene was shown to  be p re se n t. A sample o f  
th e  aldehyde was c o lle c te d  a t  102-101*° a t  10 mm. The ketone was 
p resen t in  too  sm all a q u a n tity  to  be sep a ra ted .
Formic A cetic Anhydride -  m-Chlorophenylmagne sium Bromide: Runs 56-58 
Run No. 56
Anhydride -  11*6 g* (0.133 m oles). G rignard reagen t -  0.133 m oles.
m- chlorobenzaldehyde 
m-chloroacetophenone
The unreacted  m-chlorobromobenzene from th e  p rep a ra tio n  o f  th e  
Grignard reagen t could n o t be s a t i s f a c to r i l y  separa ted  from th e  
aldehyde product by means o f e i th e r  d i s t i l l a t i o n  o r th e  Beckman GC-2 
chromatograph. The b o ilin g  p o in ts  o f  th e  two compounds were to o  
c lose to g e th e r , and t h e i r  r e te n tio n  tim es were almost th e  same* The 
m a te r ia l d i s t i l l i n g  over th e  range 80-120° a t  20 mm. p ressu re  was 
analyzed on th e  Barber-Colman chromatograph; which had ju s t  become 
a v a ila b le . Three compounds were found to  be p re sen t in  s u f f ic ie n t  
q u an tity  t o  be determ ined: a  s n a i l  amount o f  chlorobonzene (0 .55 g»; 
presumably formed from th e  u n reacted  G rignard reagen t upon hydrol­
y s i s ) ;  un reacted  m-chlorobromobenzene from Grignard reagen t p repara­
t io n  (6.55 g* ); and th e  m -chlorobenzaldehyde (2 .3 0  g . ) .  A very  small 
peak was found a t  th e  p o in t where m- ch lo ro ace t ophenone was expected. 
Since the aldehyde could no t be i s o la te d  by f r a c t io n a l  d i s t i l l a t i o n ;  
aldehyde d e r iv a tiv e s  were p repared  from samples o f m -chlorobenzalde­
hyde contam inated w ith  m-chlorobromobenzene and chlorobenzene.
T o ta l P er cen t Mole Per cent
Y ield Moles Y ield  o f T o ta l Carbonyl
2.30 g. 0.0161* 12.3  100.0
t r a c e
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Formic A cetic  Anhydride -  Phenylmagnesium Bromide| T e tra -  
hydrofaran Used as  Solvents in  P lace o f E th e r; Runs 59-51
Ron No* 60
Anhydride -  15.21 g. (0.173 m oles). Grignard reag en t -  0.173 m oles.




Mole Per cent 
o f T o ta l Ketones
benzaldehyde 2*®2*1 g® 0.02*16 21*.1 53.9
acetophenone 1**27 g® 0.0355 20.5 1*6.1
D is t i l l a t io n  was c a r r ie d  out as  in  Run No. 37> d esc rib ed  above.
Formic A cetic Anhydride -  Bthylmagnesium Bromides Runs 62-61;
Run No. 63
Anhydride -  9 .7  g® (0.111 m o les). Grignard reagen t -  0.111 m oles.
T o ta l P e r cen t Mole Per cen t
Y ield  Moles Y ield o f T o ta l Carbonyl
tra c e
t r a c e
1 .22  g. 0.0138 12.1*
1.18 g. 0.0115 10.1*
Chromatographic a n a ly s is  o f  th e  e th e r  so lu tio n  o f  th e  re a c tio n  
products gave only  th e  r e la t iv e  p ro p o rtio n s  o f  th e  two a lco h o ls . No 
p o s it iv e  id e n t i f ic a t io n  o f aldehyde o r ketone could be o b ta in ed . A 
S c h if f1 s aldehyde t e s t  in d ic a te d  th a t  a  t r a c e  o f aldehyde was p re s e n t. 
I t  was a t  f i r s t  thought p o ss ib le  t h a t  the  aldehyde might have been 
lo s t  th rough an a ld o l condensation , in  th e  p resence o f th e  sodium 
hydroxide wash s o lu tio n . T herefo re , in  ano ther ru n , th e  e th e r  
so lu tio n  o f  th e  re a c tio n  p roducts was te s te d  befo re  washing; bu t 
again  i t  gave only a  t r a c e  o f  aldehyde. As a  fu r th e r  t e s t ,  a  known
propionaldehyde 
m ethyl e th y l ketone 
d ie th y l c a rb in o l 
m ethyl d ie th y l  c a rb in o l
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so lu tio n  o f propionaldehyde and m ethyl e th y l ketone was su b jec ted  
to  th e  same co n d itio n s  a s  those  used fo r th e  se p a ra tio n  o f  th e  
products o f th e  G rignard reactio n *  They were recovered q u a n tita ­
t iv e ly !  th e re fo re  such compounds could not have been lo s t  because 
o f th e  sep a ra tio n  p rocedure .
No product having a h ig h e r b o il in g  po in t th an  th e  t e r t i a r y  
a lcoho l was in d ic a te d  on th e  chromatograph, and th e re  was no t a r r y  
re s id u e . Since q u a n ti ta t iv e  y ie ld s  could no t be s a t i s f a c to r i ly  
determ ined by d i s t i l l a t i o n ,  th ey  were estim ated by assuming th a t  
a l l  o f th e  product ( a f te r  d i s t i l l a t i o n  up to  the  p o in t where 
d ie th y l c a rb in o l would be c o lle c te d )  was composed o f  th e  two 
a lco h o ls . This m ixture  o f th e  two a lcohols weighed 2.U0 g . A 
sample o f d ie th y l c a rb in o l was recovered , a f te r  combination o f  th e  
p roducts o f t h i s  run w ith  those  from the o ther s im ila r  ru n s , a t  
H l i - l l6 ° .
Formic A cetic Anhydride -  Propylmagnesium Bromides Runs 65-67 
Run No. 6?
Anhydride -  8.62 g. (0.098 m o les). Grignard reagent -  0.098 moles*
Mole P e r cent 
o f T o ta l Carbonyl
65»0
35 .0
T o ta l Per cent
Y ield Moles Yield
butyraldehyde 0.57 g. 0.0079 8.0
m ethyl p ropy l ketone 0.37 g. 0.00i»3 k»lr
d ip ropy l c a rb in o l 0 .8k  g* 0.0072 7-3
methyl d ip ropy l c a rb in o l 1 .10 g . 0.0083 8.5
Chromatographic a n a ly s is  o f  th e  e th e r  so lu tio n  o f p ro d u c ts  
gave th e  r e la t iv e  p ro p o rtio n s  o f th e  aldehyde, ketone, and th e  two
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a lco h o ls . The sm all y ie ld  of aldehyde and ketone made the  determ i­
n a tio n  o f abso lu te  q u a n ti t ie s  by d i s t i l l a t i o n  u n sa tis fa c to ry . There­
fo re ,  a 10 m l. a liq u o t p o rtio n  o f th e  98 m l. e th e r  so lu tio n  o f th e  
re a c tio n  products was ta k en , and th e  t o t a l  moles o f  aldehyde and 
ketone determined by carbonyl t i t r a t i o n .  T h e ir abso lu te  q u a n ti t ie s  
were then  ca lc u la te d , using  th e  r e la t iv e  q u a n ti t ie s  obtained  from 
chromatographic d a ta . An e stim atio n  o f th e  abso lu te  q u a n t i t ie s  o f 
th e  two a lcoho ls  was made, using  th e  r e la t iv e  p roportions o f  the  
a lco h o ls , aldehyde, and ketone, and th e  abso lu te  q u a n tit ie s  o f 
aldehyde and ketone. The mixed p roducts from a l l  th re e  o f th ese  
runs were combined, and samples o f  th e  in d iv id u a l components were 
recovered as fo llow s: bu tyraldehyde, 7U-760 ; methyl p ro p y l ketone, 
100-102°j and d ip ropy l c a rb in o l, l51t“ l5 6 ° .
F oraie  A cetic Anhydride -  Butylmagnesium Bromide: Runs 68-70 
Run No* 68
Anhydride -  12.it g . (O .liil m oles). Grignard reagen t -  O .litl moles.
T o ta l
Y ield  Moles
Per cent 
Yield
Mole Per cent 
o f T o ta l Carbonyl
valeraldehyde 3.08 g . 0.0358 25.lt 63.lt
m ethyl b u ty l ketone 2.10 g . 0.0209 lii.8 36.6
d ib u ty l carb in o l 1 .0 6  g. 0.007U 5.3
m ethyl d ib u ty l ca rb in o l 2.13 g . 0 * 01 jilt 9.3
A fte r chromatographic a n a ly s is  o f th e  e th e r so lu tio n  o f  re a c tio n  
p roducts to  determ ine th e  r e la t iv e  p ro p o rtio n s  o f the  fo u r products 
l i s t e d  above, th e  t o t a l  q u a n tity  o f aldehyde and ketone was estim ated  
by c o lle c tin g  and weighing the  d i s t i l l a t e  b o ilin g  over th e  range
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78-11*0° • A pp lication  o f  chrom atographic d a ta  gave th e  abso lu te  
q u a n tit ie s  o f aldehyde,  ke to n e , and the  two a lco h o ls , in  a  manner 
s im ila r  to  th a t  d esc rib ed  f o r  Run No. 67 ,  above. The mixed p ro ducts  
from a l l  th re e  o f th e se  ru n s  were combined, and samples o f  in d i­
v id u a l components were recovered  as fo llo w s: va lera ldehyde , 101- 
103°, methyl b u ty l  ke tone, 125-127°J and d ib u ty l c a rb in o l, 190-191*°•
Formic A cetic Anhydride -  Bufcylmagnesium C h lo ride: Runs 71 and 72 
Run No. 72
Anhydride -  11.8 g. (0 .135 m o les). Grignard reag en t -  0.135 m oles.
T o ta l P er cent Mole P er cent
H e ld  Moles Y ield o f  T o ta l Carbonyl
valeraldehyde 2.72 g . 0.0316 23.1* 6 3 .it
methyl b u ty l ketone 1 .82  g . O.C182 13-5 36.6
dibubyl c a rb in o l 1 .73  g . 0.0120 8.9
m ethyl d ib u ty l c a rb in o l 2.96  g. 0.0187 13.8
A procedure s im ila r  to  th a t  employed fo r  Run No. 68 was fo llow ed 
in  t h i s  run*
Formic A cetic Anhydride -  Isobutylmagnesium Bromide: Runs 73-76 
Run No. 76
Anhydride -  10 .6  g. (0 .121 m o les). Grignard reag en t -  0.121 m oles.
T o ta l P er cent Mole Per cen t
4“; Y ield  Moles Y ield o f T o ta l Carbonyl
i  sovaleraldehyde 3 .71  g . 0.0U31 35.6 65.1
methyl iso b u ty l ketone 2.32 g. 0.0232 19.2 31*. 9
d iiso b u ty l c a rb in o l 0 .35  g . 0.0021* 2.0
methyl d iis o b u ty l c a rb in o l 0 .21  g . 0.0013 1.0
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R ela tiv e  p ro p o rtio n s  o f  th e  fo u r p roducts were determ ined 
by chromatographic a n a ly s is .  Recovery o f th e  t o t a l  aldehyde and 
ketone p roducts  by d i s t i l l a t i o n  was u n s a tis fa c to ry 3 th e re fo re  th e  
carbonyl t i t r a t i o n  method was used . The abso lu te  q u a n ti t ie s  o f th e  
re a c tio n  p roducts  were e s tim ated  in  a  manner s im ila r to  th a t  used 
fo r  p revious runs in  which a lco h o ls  were p resen t as p roducts of 
th e  re a c tio n . Samples o f th e  aldehyde and ketone were c o lle c te d , 
a f t e r  combination o f th e  mixed p roducts  from a l l  four o f th e se  
ru n s , a t 9 0 *93° and 116- 118° ,  re s p e c tiv e ly .
A cetic  B utyric  Anhydride -  Phenylmagnesium Bromide, a t 0°s Runs 77-79 
Run No. 79
Anhydride -  11+.2 g . (0 .110 m o les). Qrignard reagent -  0.110 m oles.
T o ta l Per cent Mole P er cent
Y ie ld  Moles Yield o f  T o ta l Ketones
acetophenone 2 .56  ge 0.0213 19. h 1+3.7
butyrophenone 1+.08 g . 0.0275 25.0 56.3
m ethyl d iphenyl c a rb in o l 2 . 3U g. 0 .0118 10.7
b u ty l diphenyl c a rb in o l t r a c e
Chromatographic a n a ly s is  o f  th e  e th e r  so lu tio n  o f  th e  re a c tio n  
p roducts gave th e  r e l a t i v e  p ro p o rtio n s  o f  acetophenone, butyrophenone, 
and m ethyl d iphenyl c a rb in o l. E stim atio n  o f abso lu te  q u a n ti t ie s  of 
th e  ketones was made by means o f d i s t i l l a t i o n  a t  20 mm. over th e  range 
89- 122° to  f in d  th e  t o t a l  y ie ld ,  and r e la t iv e  p ropo rtions were calcu ­
la te d  from th e  chrom atographic d a ta . The q u an tity  o f m ethyl diphenyl 
c a rb in o l was estim ated  by  u sin g  th e  r e la t iv e  p roportions o f  a lco h o l 
and th e  two ke to n es , and th e  ab so lu te  q u a n tit ie s  o f  th e  ketones. A
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t ra c e  o f b u ty l d iphenyl c a rb in o l was a lso  in d ic a te d . Attempts a t  
d i s t i l l a t i o n  o f  th e  m ethyl d iphenyl c a rb in o l a t  20 mm. were 
unsuccessfu l, as decom position appeared to  tak e  p lace a f te r  150° 
was reached. D i s t i l l a t io n  was th e re fo re  stopped; th e  brown t a r r y  
residue  weighed 2.76 g . From t h i s ,  rep ea ted  r e c ry s ta l l iz a t io n s  
from e thano l and l ig r o in  gave 0.1; g. o f  a brown substance having 
a m elting  p o in t o f 56-61°. T h is was probably  th e  impure t e r t i a r y  
a lco h o l, but i t  could no t be f u r th e r  p u r if ie d .
Formic A cetic Anhydride -  Phenylmagnesium Bromide, a t  0 ° : Runs 80-82 
Run Ho. 81
Anhydride -  11.5 g* (0.131 m o les). O i  guard reagent -  0.131 m oles.
The carbonyl compounds were determ ined as  described  e a r l i e r  
fo r  benzaldehyde and acetophenone (Run No. 37, page 3U)« No in d i­
c a tio n  o f  m ethyl d iphenyl c a rb in o l appeared on th e  chromatogram. 
Diphenyl c a rb in o l, which was to o  high b o ilin g  to  be determ ined by 
means o f th e  chromatograph, was shown t o  be p resen t by means o f 
d i s t i l l a t i o n ;  t h i s  d i s t i l l a t i o n ,  however, was no t s u f f ic ie n t ly  com­
p le te  to  give a q u a n tita tiv e  measure o f  i t .  A fter d i s t i l l a t i o n  o f 
th e  benzaidshyds, acetophenone, and b iphenyl (by-product o f th e  
p rep a ra tio n  o f G riguard re a g en t)  frcm th e  re a c tio n  m ix tu re , th e  
res id u e  w eigied 9.8 g . The p re ssu re  was reduced to  12 mm.; 3 .3  g . 
o f  d i s t i l l a t e  was recovered in  th e  range 156-183°* At approxim ately
T o ta l
Y ield
Per cen t Mole Per cent 
Moles Y ield o f T o ta l Carbonyl
benzaldehyde 1.30 g . 0.0123 9 -h
acetophenone 0 .2 9  g» 0.0021; 1.8
83.6
16.1;
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183°i th e  supply in  th e  d i s t i l l a t i o n  f la s k  was exhausted. Through­
out th e  l a t t e r  p a r t  o f th e  d i s t i l l a t i o n ,  th e  m a te ria l in  th e  d is ­
t i l l a t i o n  f la s k  appeared to  decompose, g iv ing  o ff  a w hite smoke.
The m a te r ia l  c o lle c te d  a t 156-183° would n o t c r y s ta l l iz e  a t f i r s t ,  
but a f t e r  about a month’ s tim e i t  had c ry s ta l l iz e d  to  g ive a s o lid  
w ith m elting  p o in t 66-70°. R e c ry s ta ll iz a tio n  frcm l ig r o in  gave a 
white s o lid  w ith  a  m elting  p o in t o f 68-69°, corresponding to  th a t  
o f d iphenyl c a rb in o l. A ttem pts a t  r e c ry s ta l l iz a t io n  o f th e  rem aining 
brown t a r r y  res id u e  in  th e  d i s t i l l a t i o n  f la s k  were u n su ccessfu l, as 
were attem pts made, in  o th e r  ru n s , to  recover diphenyl c a rb in o l 
by c r y s ta l l iz a t io n  w ithout p r io r  d i s t i l l a t i o n .
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Table I
A cetic H igher-Carboxylic Anhydrides — Phenylmagnesium Bromide(a )> (^ )^ (c )
Per cent Y ield Mole P er cent
Run o f  Ketone o f  Ketone
No. Anhydride Lower MW Higher MW T otal Lower MW H igher M
1 A cetic b u ty ric 35.3 18.7 5!*.o 65.1* 3fi.6
2 it it 36.8 19.8 56.6 65.1 3fi.9
3 ti n 35.3 19.2 51*. 5 6fi.8 35-2
fi A cetic b u ty ric  (**) 39-8 22.JU 62.2 61*. 5 35.5
5 it it (d) 39.1 21.1 60.2 65-1 3fi. 96 it n (d) 38.2 19.6 57.8 65-6 3fi.fi
7 A cetic v a le r ic 38.6 21.7 60.3 6fi.fi 35.6
8 it it 1*1-5 22.3 63.8 65.2 3fi.8
9 it » 38.6 20.2 58.8 65-8 3fi. 2
10 A cetic caproic 3 6.9 23.1* 60.3 6 1 .6 38.1*
11 it it 31*.3 22.h 56.7 6 0 .6 39.fi12 it n 36.1; 21.5 57.9 63 .0 37.0
13 A cetic iso b u ty ric 3U.3 11*. 7 1*9.0 6 9-9 30.1
lit it n 35.3 11*. 7 50.0 70.fi 2 9 .6
15 it it 35.2 15.6 5o.8 69.3 30.7
16 A cetic OC-methylbutyric 1*9.7 11*. 3 61*.0 77*6 22.fi
17 it it 1*5*1; li*.2 59.6 76.1 23.9
18 it ti 1*6.0 13.0 59.0 78.0 22.0
19 A cetic is o v a le r ic 1*0.0 19.6 59.6 67.O 33-0
20 n it 1*1-3 21.1 62.fi 66.2 33.8
21 it n 1*0.3 18.6 58.9 68.fi 31.6
22 A cetic b u ty ric  (.e) 1*5.3 27-9 75.2 62 .6 57.fi
23 ti it (e ; 1*3.9 25.9 69.8 62 .9 37.1
21* ii it ( e ) 1*3-1* 26.8 70.2 61.8 38.2
25 A cetic  b u ty r ic tc ) 27.fi 5 6.6 fifi.fi
26 it II (c) 31*.1 27.1 61.2 55.2 fifi.8
27 b (c) 33.9 26.1 60.0 56.6 1*3.1*
(a) A ll runs in  t h i s  and fo llow ing  ta b le s  were c a r r ie d  out a t  -7 8 °  C ., 
in  e th e r  so lv en t, and using  a  r a t i o  o f 1 mole anhydride to  1 mole 
Grignard re a g en t, u n le ss  in d ic a te d  otherw ise.
(b) For most, o f  th e se  ru n s , t r a c e s  o f the  lower m olecular w eight t e r ­
t i a r y  a lco h o l were d e te c te d  on th e  chromatograph. C a lcu la tio n s  o f  
th e  y ie ld s  o f  t h i s  b y -p ro d u ct, always le s s  th an  1%, were in a c c u ra te .
(c) Runs No. 25—27 invo lved  re a c tio n  o f th e  anhydride w ith  p ro p y l- 
magnesium bromide, in s te a d  of phenylmagnesium brom ide.
(d) A r a t i o  o f 2 moles anhydride to  1 mole Grignard reag en t was used .
(e) Tetrahydrofuran was used  as so lv en t, in s te ad  o f e th e r .
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Table XI
M ixtures o f  Simple Anhydrides — Phenylmagnesium Bromide(a) > 0s)
Per cen t Y ield Mole Per cent
Run o f  Ketone o f Ketone
No. Anhydrides Lower MW Higher MW T otal Lower toiT Higher MW
1 A cetic b u ty ric 35.3 18.7 5ii.O 65-U 3U.6
2 i t 36.8 19*8 56.6 65*1 3U.9
3 tt IS 35.3 19.2 5U.5 6U.8 35.2
28 A cetic and B utyric 37.1 21.5 58.6 62.8 37.2
29 It 1! t t 35.U 21 .2 56.6 62.7 37.3
30 » it tt 3 6 .6 2 2 .k 59.0 62.0 3 8 .0
7 A cetic v a le r ic 3 8 .6 21.7 60.3 6h.k 35.6
8 it n lt l .5 22.3 63.8 65.2 3U.8
9 n it 38.6 20 .2 58.8 6 5 .8 3U.2
31 A cetic and V aleric U0 .2 2 1.U 6 1 .6 65.5 31+.5
32 it it tt 39.3 19-9 59.2 66 .h 33.6
33 n n » 37.6 2 0 .6 58.2 61;.6 35.lt
( a )Traces o f lower m olecular w eight t e r t i a r y  a lco h o l were a lso  
d e tec ted  in  th e se  ru n s .
(b )R esu its  o f th e  re a c tio n s  o f  mixed anhydrides (See Table I )  
have been inc luded  fo r  th e  b e n e f i t  o f comparison.
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Table ;I I I
Formic A cetic Anhydride ~  Aromatic Grignard Reagents
Run P er cent T ie ld Mole Per cent
No. Grignard Reagent Aldehydis Ketone T otal Aldehyde ketone
31+ PhenylMgBr^a ) 31.9 7-1 ‘ 39.0 82.0 18.0
35 *• (a) 35.6 7.7 1+3-3 82.3 17-7
36 II 37.6 7.9 1+5.5 83.0 17.0
37 It 35.8 7-1+ 1+3.2 82.7 17.3
38 It 36.2 7.9 l+l+.l 82.2 17.8
39 n 33.7 6.5 1+0.2 83.8 1 6 .2
1+0 FhenylMgBr(b ) 29.3 2.3 32.6 91.1+ 8.6
la It 31.1+ 3.6 35.0 89 .6 10.1+
1+2 PhenylMgBr(c ) 39.3 6.7 1+6.0 85.5 12+.5
1+3 <* (c) 1+0.0 6.7 1+6.7 86.0 ll+.O
1+1+ tl (c) 37.9 7.1 1+5.0 81+. 2 15 .8
1+5 o-TolylNgBr 25.1+ 0.3 26.2 97.0 3 .0
1+6 ~  ti 23.6 0.7 21+.3 97.0 3 .0
1+7 it 23.2 0.6 23.8 97-2 2.8
1+8 m-TolylMgBr 31+.2 1.0 35.2 97.1 2.9
1+9 “  tt 31.9 1.1 33.0 96.9 3.1
5o tt 33.9 0.9 31+.8 97.1+ 2.6
51 £-TolylMgBr 31+.5 0.6 35.1 98.1 1.9
52 i t . 35.6 0.9 36.5 97.5 2.5
53 it 33-1+ 0.9 31+-3 97.6 2.J+
51+ p-TolylMgBr(c ) 32.5 0 . 8 33.3 97.6 2.1*
55 u (c) 31+. 7 0.7 35.1+ 97.9 2.1
56 m-ChlorophenylMgBr 12.3 tra c e 12.3 100 0
57 “  tt 15.1 tt 15.1 100 0
58 tt ll+.O tt ll+.O 100 0
59 PhenylMgBr(d) 23.0 20.2 1+3-2 5 3 .1 1+6.9
60 « (d) 21+.1 20.5 1+1+.6 53 .9 56.1
61 it (d) 21+.3 21.1 1+5.1+ 5 3 .5 2+6.5
(a) The anhydride used in  Rims No. 31+ and 35 was prepared from form ic 
ac id  and a c e tic  anhydride. AH o th e r formic a c e tic  anhydride was 
prepared  from ketene and form ic ac id .
(b) Large q u a n ti t ie s  of s ta r t in g  m a te r ia ls  were used (approxim ately 
$ tim es as g rea t as th e  q u a n t i t ie s  used in  o ther ru n s ).
(c) A r a t io  o f  2 moles anhydride to  1 mole Grignard reagen t was used.
(d) Tetrahydrofuran was used as so lv en t, ra th e r  than  e th e r .


















Formic A cetic  Anhydrids — A lip h a tic  G rignard R eagents







T e r t ia ry
A lcohol T o ta l
Formic
P a r t
A cetic
P a r t
62 EthylMgBr t r a c e t r a c e 13.5 13 .1 26 .6 51 .0 U9.0
63 n tt ti 12.1i 10.lt 22.8 5U.6 I5 .l t
6U tt n it 10.9 9 .3 20 .2 53.8 146.2
65 FropylMgBr 9 .9 5.6 9 .0 10.3 31 .8 5U.3 1*5*7
66 n 9.2 5 .1 8 .3 9 .1 31.7 55.3 I4I4.7
67 n 8.0 It-it 7 .3 8 .5 28.2 5U.6 W .lt
68 ButylMgBr 25*U H4.8 5 .3 9 .3 -51**8 55.3 ltit-2
69 it 28.2 15.8 3 .7 8 .9 5 6 .6 56.U U3.6
70 ti 26.8 15-7 it-1 9-5 56 .1 55.2 lilt.8
71 BufcylMgCl 20.3 12 .h 12.5 llj. .8 6o .o 51i. 7 U5-3
72 it 2 3 .it 13 .5 8 .9 13.8 59 .6 514.1 U5.9
73 IsobutylM gBr 33.U 18.7 3 .6 1.8 57.5 6U.5 35.5
7lt n 3U-7 2 0 .0 2 .0 0 .9 57 .6 63.8 36.2
75 it 32 .6 18.7 2 .9 1 .5 55.7 63.8 36.2


















R eactions o f  Mixed Anhydrides w ith  Phenylmagnesium Bromide a t  0° C.
P er c en t Y ield  Mole P er cen t
Run Carbonyl P roducts Lower MW ~ Lower MW H igher MW
No. Anhydride Lower MW H igher MW A lcohol T o ta l P a r t P a rt
77 A cetic  b u ty r ic  18 .7  25.3  1 0 . l ( a ) 5U-1 53-2 1*6.8
78 ■ » 16.9  23 .1  1 1 .5 (a ) 51 .5  55.0  1*5.0
79 * “ 19.1* 2 5 .0  I0 .7 < a > 5 5 .1  5it.6 1*5.1*
80 Formic a c e t ic  5*2 0 .8  —— (b) 6 .0  86.2 13.8
81 11 » 9*k 1.8  (bJ 11.2 83.6 16.1*
82 '* *» 6 .5  l .U   (b '  7*9 82 .3  17 .7
(a ) A t r a c e  o f  th e  h ig h e r m olecu lar w eight a lco h o l was d e te c te d  (see fo o tn o te  (b ) ,  T able I ) .
(b ) The low er m olecu lar w eight a lc o h o l was found bu t cou ld  no t be determ ined  q u a n t i ta t iv e ly  
(see  th e  d isc u ss io n  on pages l*l*-i*5)«
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Table VI
P h y s ic a l C onstan ts  o f  R eaction  P ro d u c ts(a )
R e fra c tiv e  In d ic e s B o ilin g  P o in ts
R eported Found R eported Found
acetophenone 1.5312(20°) 1.5338 92-93° (20  rnm) 91-93°
butyrophenone 1 . 520 2 ( l 8 *2^°) 1.5209 n ltt , l l5 O (20  mm) l l l+ - l l6°
valerophenone 1.5152 1.5110 128- 129°^20 127-129.5°
caprophenone — — 1 3 5 - 1 3 6 ° ^ 131+-136°
i  sobu ty r ophenone 1 . 5 1 9 2 (1 6 . 6° ) 1 .5 2 0 2 106- 108°^20 106- 108°
oc -m eth y lb u ty r ophenone ---------- 116- i iB 0 2̂0 116- 118°
isovalerophenone 1 .5 l3 9 ( 3̂ *3° ) 1.5131+ 119- 1 2 1 ° 2̂0  vm) 119- 121°
m ethyl p ro p y l ketone 1 .3895(20#2° ) 1.3899 102° 100- 102°
d ip ro p y l ketone 1.1*073 (22° ) 1 . 1+080 H+I+° 11+3-11+1+°
m ethyl b u ty l  ketone 1 .3969(1 7 *k°) 1.3975 127° 125-127°
m ethyl is o b u ty l  ketone 1 .3 9 6 (20°} 1.3967 116.9° 116- 118°
benzaldehyde(b ) 1.51i53(20° ) 1.51+56 179-180° 179-180°
(a ) P h y s ic a l c o n s ta n ts  were m easured f o r  a l l  p ro d u c ts  o f  r e a c t io n  which cou ld  be is o la te d *  how­
e v e r , s in ce  p h y s ic a l c o n s ta n ts  were s im ila r  fo r  th e  same compounds produced in  d i f f e r e n t  ru n s , 
on ly  a  s in g le  r e p re s e n ta t iv e  v a lu e  o f  each one i s  l i s t e d  in  th e  t a b l e .  S tandard  sources from 
which th e  re p o rte d  v a lu e s  were tak en  were re fe re n c e s  5 6 ,  5 7 , and 5 8 .
(b ) C alcu la ted  fo r  C7H5Q3 C, 79*21+ p e r  cent* H, 5*70 p e r  c e n t.
Founds C, 79*30 p e r  cent* H, 5«76 p e r c e n t.
Table VI (continued)
R efra c tiv e  In d ic e s B o ilin g  P o in ts
R eported Founti' R eported Pound
o-m ethylb enz aldehyde (c ) l . $ U 9 ( W 1 .51*86 ^ o ( 1 0  ram) 92-9U°
m-iiiet hylbenz aldehyde l . g a ( 2 i . l P ) 1.5U19 93“9ii°(l7  im ) 93-9l*°
£ “inethylbenz aldehyde 1.51^7 (l6 ‘6°) 1.51*91* 106° (10 1,11,1) 102-10U°
ra-chlorobenzaldehyde 213-211*° -------- -
butyraldehyde  ̂ 1.38li3^20°^ 1.381*0 75° 7U-76°
v a l e r a l d e h y d e ) 1.3?U5(2° 0) 1.391*6 102.5-103° 101-103°
i  sovaleraldehyde^ **) 1.3902^20°^ 1.3901* 92.5° 90-93°
d ie th y l  c a rb in o l 1 .1 * 0 7 7 ^ ° ) 1.1*085 115.6° I IU - I I 60
d ip ro p y l c a rb in o l l.li205^20°^ 1.U213 155.1*° 151-156°
d ib u ty l  c a rb in o l l.U28s>(l8 ° ) 1.1*273 19l*° 190-191*°
(c) C alcu la ted f o r  CftHftO c , 80.00 p e r cent H* 6.71 p e r c en t-
Found c , 80.18 p e r cent H, 6.72 p e r  c e n t.
(d) C a lcu la ted f o r  CftHftO C, 80.00 p er cen t H, 6.71 p e r  c e n t.
Found c , 80.00 p e r cen t H, 6.57 p e r  c e n t.
(e ) C alcu la ted f o r  CftHftO c, 80.00 p e r cen t H, 6.71 p e r  c e n t.
Found C, 79.91 p e r cen t H, 6.80 p e r  c e n t.
( f ) C a lcu la te d fo r %H80 C, 66.63 p er cen t H, 11.18 p e r  c e n t.
Found C, 66.67 p e r cen t H, ll.liO  p e r  c e n t.
<g> C alcu la te d f o r C c% P c, 69.72 p er cen t H, 11.59 p e r  c e n t.
Found C, 69.68 p e r cen t H, 11. 71* p e r  c e n t.
(h) C alcu la ted fo r C$K1(p t C, 69.72 p e r cen t H, 11.59 p e r  c e n t .
Found: G, 69.63 p er cen t H, 11.86 p er c en t.
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Table VII
M elting P o in ts  of D eriv a tiv es  of R eaction Products
Semicarbazone
Reported FoundT
2) 1*-D in it rophenylhydrazone 
Reported Found
acetophenone 203° 202° 250° 21*8-250°
butyrophenone 188° 187-188° 50°(a > 1*8-1*9°
valerophenone 166° 165-166° 123-121*° 122-123.5°
caprophenone 132° 130.5-132° -----------
iaobutyrophenone 101° 179-180.5° 9lio (a) 93-93 .5°
®C-methylbutyrophenone 197° 196-197.5° g2o(a) 81-82°
isovalerophenone 210° 208-209.5° 7U° (a > 72.5-71*°
m ethyl propyl ketone 110° 110-111° liil° 11*2-11*3°
dipropyl ketone 133° 132-133.5° 75° 7l*.5-75°
m ethyl b u ty l ketone 125° 122-123° 106° 105-106°
methyl iso b u ty l ketone 132° 132-133° 95° 9l*-95°
benzaldehyde 222° 220.5-222° 237° 235-236.5°
o-methylbenzaldehyde 212° 210.5-211.5° 193° 19>19l*°
m-methylbenz aldehyde 20l*° 20l*-206° 19U° 192-193.5°
g-methylbenzaldehyde 23li° 232-23li.5° 23U° 233-231**5°
m-chlorobenzaldehyde 228° 2 2 7 -2 2 8 ° ^
&•w
'oCVJ 21U-215.50
butyraldehyde 77° 75-76.5° 123° 121.5-122°
valeraldehyde c£o (a ) 50-52° 106° 106-107°
isovaleraldehyde 107° 105-106° 123° 123-121*°
d ie th y l c a rb in o l 97-96°
""dipropyl carb in o l 6 1 * °^ 62-63°
(a ) oxime
(b) p^n it rophenylhydrazone
(c )  3 i5 -d in itrobenzoa te
(d ) C alculated  fo r  CgHfN^QCl: N, 21.21* p er c en t. Found: 20. ?6 per
c e n t.


















P re p a ra tio n  o f  Mixed Anhydrides (a)
Run Mixed A cetic
No. Anhydride
2 A cetic  b u ty r ic
7 A cetic  v a le r ic
10 A cetic  cap ro ic
13 A cetic  is o b u ty r ic
17 A cetic  OC-M ethylbutyric
18 A cetic  is o v a le r ic
71 Formic a c e t ic
3h Formic a c e t ic
Tie Id s  
(p e r  c en t)
U7*5







N e u tra liz a tio n  
E qu iv alen t
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(a )  S ince a l l  o f  each ty p e  o f anhydride used  in  O ig n a rd  r e a c t io n s  were s im i la r ,  ju s t  one 
example o f  each i s  g iv en . A ll anhydrides used were in d ic a te d  by t i t r a t i o n  to  have a t  
l e a s t  97*0 p e r  c en t p u r i t y ,  w ith  th e  ex cep tio n  o f th e  form ic a c e t ic  anhydride p rep a red  
by th e  h e a tin g  o f form ic a c id  w ith  a c e t ic  anhydride , fo llow ed  by d i s t i l l a t i o n .
(b) P repared  by ke tene  method.
(e) P rep a red  by th e  h e a tin g  o f form ic a c id  w ith  a c e t ic  anhydride , fo llow ed  by  d i s t i l l a t i o n .
VJ1
DISCUSSION AND RESULTS
(A) R eactions o f  A cetic H igher°C arboxylic Anhydrides 
The p ro p o rtio n s  in  which th e  two p o ss ib le  ketones were produced 
were determ ined su c c e ss fu lly . These r e s u l t s  may be found in  Table I ,  
page 1|6. In  t h i s  d iscu ss io n , as in  th e  t a b le s ,  i t  i s  to  be under­
stood th a t  th e  Grignard re a c tio n s  were c a r r ie d  out a t -78° C ., in  
e th e r s o lu tio n , and w ith  a  r a t io  o f  one mole anhydride to  one mole 
of Grignard re a g e n t, u n less  in d ic a te d  o therw ise . The general p a tte rn  
of behavior o f th e  a c e tic  h ig h e r -a l ip h a tic  ac id  anhydrides was as 
follow s s
(a ) A cetic  s tra ig h t-c h a in  ac id  anhydrides: When th e  anhy­
d rid es  were allowed to  re a c t w ith  phenylmagaesium bromide, th e  lower 
m olecular weight ketone (acetophenone) always predom inated. The 
p ro p o rtio n  o f  th e  h ig h e r ketone produced was n e a r ly  th e  same fo r  
a l l  th re e  anhydrides u sed , showing, however, a  s l ig h t  and unexplained 
in c rease  fo r  a c e tic  cap ro ic  anhydride . When a c e tic  b u ty ric  anhydride 
was allowed to  re a c t w ith  phenylmagnesium bromide in  a  r a t io  o f  2 :1 , 
th e re  was a s l ig h t  in c rease  in  th e  t o t a l  y ie ld ,  based on th e  q u a n tity  
of Grignard reagen t used , but th e  p ro p o rtio n s  of th e  products 
remained about th e  same as th ey  were when equim olar q u a n ti t ie s  o f 
re a c ta n ts  were used . The re a c tio n  o f a c e t ic  b u ty ric  anhydride w ith
55
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phenylmagnesim bromide in  te trah y d ro fu ran  gave a s ig n if ic a n t 
in c rease  in  th e  t o t a l  y ie ld ,  w ith  a s l ig h t  in c rease  in  th e  p ro­
p o rtio n  o f h ig h er m olecular weight ke tone. The reac tio n  o f a c e t ic  
b u ty ric  anhydride w ith propylmagnesium bromide gave a t o t a l  y ie ld  
h igher than  th a t  obtained from th e  re a c tio n  w ith  phenyknagnesium 
bromide, and th e  predominance o f th e  lower ketone over th e  h ig h er 
ketone was decreased s ig n if ic a n t ly .
(b) A cetic branched-chain ac id  anhydrides w ith  phenyl- 
magnesium bromides The lower m olecular w eight ketone was formed in  
le s s e r  p ro p o rtio n s  than  i t  was formed in  th e  re a c tio n s  of th e  sfcraighfc- 
chain anhydrides. The fo llow ing  o rder o f h ig h e r ketone form ation was 
found: is o v a le r ic  >  iso b u ty ric  > o c -m e th y lb u ty ric j th a t  i s ,  th e  
is o v a le r ic  h a l f  o f a c e t ic  is o v a le r ic  anhydride was more e f fe c t iv e  in  
ketone form ation than  was th e  iso b u ty ric  h a l f  o f a c e tic  iso b u ty r ic  
anhydride, e tc .  In  o th e r  words, h ig h e r ketone form ation decreased  
as  th e  su b s titu e n t m ethyl group was moved from th e  -carbon  to  
th e  oC-carbon, and decreased fu r th e r  a s  th e  chain  len g th , w ith  th e  
methyl group on th e  o f-ca rb o n , was in c reased .
The r e la t iv e  p ro p o rtio n s  o f  th e  p roducts  in  most o f th e se  
re a c tio n s  may be exp lained  on th e  b a s is  o f s te r ic  h indrance. In  a l l  
c a se s , th e  sm aller p a r t  o f th e  anhydride has p a r tic ip a te d  in  re a c tio n  
w ith th e  G rignard reag en t to  a  g re a te r  ex ten t than  has th e  la rg e r  
p a r t  o f  th e  anhydride. The ex ten t to  which re a c tio n  o f th e  la rg e r  
h a l f  o f th e  anhydride w ith  th e  Grignard reag en t took p lace depended 
la rg e ly  upon th e  s te r ic  ch a rac te r o f th e  Griguard reagent used . This 
i s  ev ident upon observation  o f  Table I ,  page 1|6, which gives the
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r e s u l t s  o f re a c tio n s  o f  a c e tic  h ig h er-ca rb o x y lic  anhydrides w ith 
phenylmagnesium bromide. The e f fe c t  o f branching in  th e  anhydride 
chain  may be seen. Where s te r ic  fa c to rs  o f th e  G rignard reagen t 
have been g re a tly  reduced, by th e  use o f propylmagnesium bromide, 
in  re a c tio n s  w ith  a c e tic  b u ty ric  anhydride, th e  mole p e r cen ts  o f 
th e  lower and h igher m olecular weight ketones are  more n e a r ly  th e  
same. S te r ic  fa c to rs  were a lso  reduced somewhat by th e  use o f  
te trah y d ro fu ran  as so lv en t, allow ing more o f th e  h igher m olecular 
weight ketone to  be formed, and g iv ing  h igher t o t a l  y ie ld s  of the  
two ketones. I t  was expected th a t  s t e r i c  hindrance fa c to r s  would 
be a l le v ia te d  by the use o f te trah y d ro fu ran  as so lv en t, r a th e r  than  
e th e r .  Since th e  G rignard reagen t a c tu a lly  e x is ts  as a  so lv a ted  
complex, th e  e th y l  groups o f e th e r  a re  more l ik e ly  to  in te r f e r e  
w ith  th e  re a c tio n  o f th e  G rignard reagen t than  are th e  groups 
connected to  th e  oxygen o f  te tra h y d ro fu ran , which are  i!t i e d  
to g e th e r1* and h e ld  away from th e  p o in t o f re a c tio n .
The r e s u l t s  o f th e  re a c tio n s  o f th e  m ixtures o f simple anhy­
d rid e s  w ith phenylmagnesim bromide d id  no t d i f f e r  s ig n if ic a n t ly  
from the  r e s u l t s  o f th e  re a c tio n s  o f th e  corresponding mixed anhy­
d rid e s . These re a c tio n s  have been compared in  Table I I ,  page ij.7* 
These r e s u l t s  were in  marked c o n tra s t t o  the  prev ious work o f  t h i s  
s o r t  in  th e  F r ie d e l-C ra f ts  re a c tio n , described  on pages 13 and lU, 
w ith  th e  same simple and mixed anhydrides, and w ith  th e  work o f th e  
p resen t au thor using benzoic jj-n itro b en ^o ic  anhydride and th e  
corresponding simple anhydrides. In th o se  F r ie d e l-C ra f ts  s tu d ie s ,
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mixed anhydrides were found to  give molar r a t io s  o f p roducts which 
d if fe re d  s u b s ta n tia l ly  from th e  r a t io s  obtained w ith m ix tures of 
simple anhydrides.
When th e  re a c tio n  o f a c e t ic  b u ty ric  anhydride w ith  phenyl­
magne sium bromide was c a r r ie d  out a t  0° C ., th e  r e s u l ts  found in  
Table V, page 50, were o b ta in ed . A considerab le  q u an tity  of th e  
lower m olecular weight t e r t i a r y  a lco h o l was formed. Taking t h i s  
a lco h o l in to  c o n s id e ra tio n , th e  t o t a l  y ie ld  was no t s ig n if ic a n tly  
d if fe re n t  from th e  y ie ld  o f th e  same re a c tio n  a t  -78° C. However, 
the  r a t io  of re a c tio n  o f th e  a c e t ic  p a r t  o f the anhydride to  re a c tio n  
o f th e  b u ty ric  p a r t  was sm alle r than  th e  corresponding r a t io  when 
th e  re a c tio n  was c a r r ie d  out a t  -?8 °  C.
(B) R eaction o f  Formic A cetic  Anhydride
In  a l l  o f th e  re a c tio n s  o f  form ic a c e tic  anhydride, w ith th e  
exception of those w ith  m-chlorophenylmagnesium bromide, and e th y l-  
magnesium bromide, bo th  th e  aldehyde and th e  ketone products p o ss ib le  
were in d ic a te d  by th e  chromatograph to  be p re sen t, and bo th  were 
estim ated  q u a n ti ta t iv e ly  using  chromatographic d a ta . A ll o f th ese  
carbonyl compounds were id e n t i f i e d  p o s it iv e ly , w ith th e  exception  
o f th e  ketones produced by th e  re a c tio n s  o f formic a c e tic  anhydride 
w ith  o - , m-, and g-tolylm agnesiura brom ides. The ketone, in d ic a ted  
q u a l i ta t iv e ly  by th e  chromatograph in  each of th ese  ru n s , was 
p re sen t in  too  sm all a q u a n tity  to  be separa ted  and id e n t i f ie d  
p o s i t iv e ly . In th e  re a c tio n s  o f  formic a c e tic  anhydride w ith 
a lip h a tic  Grignard re a g en ts , a lco h o ls  were produced, as a  r e s u l t  o f
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fu r th e r  re a c tio n  o f th e  Grignard reagents*  The re la t iv e  and 
abso lu te  q u a n ti t ie s  o f  th e se  secondary re a c tio n  products were 
determ ined, in  ad d itio n  to  th e  q u a n t i t ie s  o f the  aldehydes and 
ketones*
The r e s u l t s  o f  th e  re a c tio n s  o f  form ic a c e tic  anhydride w ith  
arom atic Grignard reag en ts  may be found in  Table I I I ,  page 1*8. There 
was no apparent d iffe re n c e  in  th e  r e a c t io n s , w ith phenylmagnesium 
bromide, o f th e  anhydride p repared  by th e  ketene method and th a t  
prepared from form ic ac id  and a c e t ic  anhydride, although th e  p e r cent 
p u r ity  o f th e  l a t t e r ,  as c a lc u la te d  from n e u tra l iz a t io n  e q u iv a le n ts , 
was low er. When a  r a t io  o f 2 m oles anhydride to  1 mole Grignard 
reagent was used , th e  t o t a l  y ie ld ,  and th e  p roportion  of aldehyde 
t o  ketone, was very s l ig h t ly  in c re a se d . When te trah y d ro fu ran  was 
used as so lv en t, th e  r a t i o  o f aldehyde to  ketone was very  g re a tly  
decreased, th e  p ro p o rtio n s  becoming n e a r ly  eq u a l. Upon th e  use o f 
Grignard reag en ts  having a m ethyl group on th e  r in g , in s te a d  o f 
phenylmagne sium bromide,  th e  p ro p o rtio n  o f  aldehyde in  th e  product 
was in c reased . There was l i t t l e  d iffe re n c e  in  th e  aldehyde—ketone 
r a t io s  ob ta ined  from o - ,  m-, and £-tolylm agnesium  bromides. The 
t o t a l  y ie ld s  o f  carbonyl compounds were decreased , as  compared to  
th e  t o t a l  y ie ld s  when phenylmagne sium bromide was used. The y ie ld s  
were about th e  same f o r  th e  re a c t io n s  o f  m- and g-tolylmagnesium 
bromide, bu t th e  y ie ld  was le s s  f o r  th e  re a c tio n  o f o - t  olylmagne sium 
bromide w ith  the  anhydride. R eaction  o f m-chlorophenylmagnesium 
bromide w ith th e  anhydride gave on ly  a t r a c e  o f  ketone, and th e  
y ie ld  o f  aldehyde was lowered co n sid e rab ly , as compared to  th e  y ie ld s  
from the re a c tio n s  o f th e  o th e r  arom atic G rignard reag en ts .
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In  Runs No* I4.O and U l, la rg e  q u a n tit ie s  o f phenylmagnesium 
bromide and formic a c e t ic  anhydride were used (about 5 tim es a s  g rea t 
a s  the  q u a n ti t ie s  used in  p rev io u s  ru n s ) . These la rg e r -s c a le  
re a c tio n s  were c a r r ie d  out in  o rd er to  explore th e  f e a s i b i l i t y  o f 
ob ta in ing  a reasonably  pure aldehyde, by t h i s  method, in  f a i r l y  
s u b s ta n tia l  q u a n tity . Run No* Uo has been described  in  d e ta i l  on 
pages 35“36. Runs No. HO and 1±1 showed a decrease in  th e  t o t a l  
p e r cent y ie ld s  o f th e  carbonyl p ro d u c ts , p a r t ic u la r ly  a decrease 
in  th e  ketone y ie ld ,  as  compared to  s im ila r  runs invo lv ing  sm aller 
q u a n tit ie s  o f s ta r t in g  m a te r ia l .  The predominance of aldehyde over 
ketone was g re a te r  th an  in  th e  prev ious s im ila r  runs. One p o ss ib le  
exp lanation  o f th e se  d if fe re n c e s  i s  th e  longer time o f  re a c tio n  in  
Runs No. I4.O and l&j th e  G rignard reagen t was added over a  p e rio d  o f
2- 1 /2  hours, follow ed by 2 hours o f  f u r th e r  re a c tio n , as  opposed to  
3 hours t o t a l  re a c tio n  tim e fo r  th e  prev ious runs. Another explana­
t io n  i s  th e  p o s s ib i l i ty  th a t  th e  la rg e r  q u a n tit ie s  o f re a c tin g  
m a te r ia ls  made cooling  o f th e  re a c tio n  v e sse l inadequate , causing 
th e  lower t o t a l  y ie ld s  and th e  change in  th e  r a t io  o f  p roducts .
The general p a t te rn  o f behavior o f formic a c e tic  anhydride in  
re a c tio n s  w ith  a l ip h a t ic  G rignard reag en ts  (Table IV, page 1+9), 
seemed to  be th e  fo llow ing :
(a) A lip h a tic  magnesium brom ides: Secondary and t e r t i a r y
alcoho ls were considered , in  ad d itio n  to  th e  aldehydes a id  ke to n es . 
Both the  t o t a l  y ie ld s ,  co n sid e rin g  a l l  p roducts, and th e  t o t a l  y ie ld s  
o f  carbonyl p ro d u c ts , decreased  in  th e  follow ing o rder o f Grignard 
re a g en ts : iso b u ty l-  "> b u ty l-  >  p ro p y l- >  ethylmagnesium bromide.
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The y ie ld s  of a lco h o lic  secondary re a c tio n  products in c reased  in  
t h i s  same o rd e r; th e  re a c tio n  o f form ic a c e tic  anhydride w ith 
ethylmagnesiiHtt bromide gave th e  most a lco h o l. However, th e  m olar 
r a t io  o f products from re a c tio n  o f th e  form ic p a rt o f th e  anhydride 
to  products from th e  a c e t ic  p a r t  remained about the same when th e  
unbranched Grignard reag en ts  were used; th a t  i s ,  e th y l- ,  p ro p y l- , 
and butylmagnesium brom ides. This r a t io  was in c reased  when 
isobutylmagnesium bromide was used.
(b) Butylmagnesium c h lo rid e s  Somewhat more o f  tb s  secondary 
re a c tio n  took p la c e , low ering th e  y ie ld s  o f aldehyde and ketone and 
giving la rg e r  y ie ld s  o f a lco h o l. However, th e  molar r a t io  o f p roducts 
from th e  form ic p a r t  to  th e  a c e t ic  p a r t o f th e  anhydride remained 
about the  same as th a t  fo r  butylraagnesium bromide and th e  o th e r 
s tra ig h t-c h a in  Grignard re a g en ts .
The r e s u l t s  o f  th e  re a c tio n s  o f  form ic a c e tic  anhydride w ith  
Grignard re a g en ts , l ik e  th e  re a c tio n s  o f h igher mixed a c e tic  
anhydrides, may be exp lained  on th e  b a s is  o f s te r ic  f a c to r s .  These 
fa c to rs  become ev id en t upon observation  o f  th e  r e s u l ts  o f re a c tio n s  
o f  formic a c e tic  anhydride w ith  a l ip h a t ic  Grignard re a g en ts . The 
re a c tio n  o f th e  form ic p a r t  o f th e  anhydride took p lace  to  o n ly  a 
s l ig h t ly  g re a te r  ex ten t th an  d id  th e  a c e tic  p a r t ,  when s tr a ig h t  
chain Grignard reag en ts  were used . When re a c tio n s  o f  th e  anhydride 
w ith  s tra ig h t chain  G rignard reag en ts  are  compared to  th e  re a c tio n  
w ith  isobutylmagnesium bromide, th e  d iffe ren c es  a re  e v id en t. Not 
so re a d ily  ex p la in ab le , however, are  th e  low y ie ld s  o f  aldehydes 
and ketones and th e  low t o t a l  y ie ld s  from th e  reac tio n s  o f  form ic
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a c e tic  anhydride w ith  ethylmagne sium bromide and propylmagnesium 
bromide. I t  would be expected, from th e  work of Neman and co- 
w orkers, th a t  th e  complex formed a t -78° C. would prevent fu r th e r  
re a c tio n  to  give the  a lco h o ls . But even i f  th e  secondary re a c tio n  
d id  tak e  p la c e , la rg e r  y ie ld s  o f th e  a lco h o ls  would be expected.
The most l ik e ly  exp lana tion  i s  th a t  th e  anhydride remained p a r t i a l l y  
unreacted*
The r e la t iv e  p ro p o rtio n s  o f th e  aldehyde and ketone formed by 
th e  reac tio n  o f form ic a c e tic  anhydride w ith  phenylmagne sium bromide 
may also  be exp lained  by means o f s t e r i c  f a c to r s .  The formic p a r t  
o f th e  anhydride can re a c t much more re a d i ly  w ith  the  Grignard 
re a g en t. When th e  same re a c tio n  was allow ed to  tak e  p lace in  t e t r a ­
hydrofuran, in  which i t  was expected  th a t  any s te r ic  hindrance 
fa c to rs  would be d im inished, as exp lained  on page 57, the  r a t io  o f 
aldehyde to  ketone was g re a tly  decreased . In  f a c t ,  i t  approached 
th e  r a t io  o f p roducts from th e  form ic p a r t  o f  th e  anhydride to  pro­
ducts from th e  a c e tic  p a r t th a t  was found f o r  th e  re a c tio n  o f formic 
a c e tic  anhydride w ith  s tra ig h t-c h a in  a l ip h a t ic  G rignard reag en ts .
I t  was expected th a t  th e  t o t a l  y ie ld s  from th e  re a c tio n s  o f  
j>- and m-tolylmagnesium bromides w ith  form ic a c e t ic  anhydride would 
be a t  le a s t  as  g rea t as th e  y ie ld s  from th e  re a c tio n  o f phenyl­
magne sium bromide. I n  f a c t ,  i t  seems th a t  th e  e le c tro n -re le a s in g  
a b i l i t y  of th e  m ethyl group would perm it th e  Grignard reagent to  
re a c t more re a d i ly  w ith  th e  e le c t r o p h i l ic  carbon o f th e  carbonyl 
group of th e  anhydride. However, a s  described  on page $9,  y ie ld s  
from th ese  re a c tio n s  were lower than  y ie ld s  from the  re a c tio n  o f
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phenylmagnesium bromide, and th e  p ro p o rtio n s  of ketones p re sen t in  
th e  re a c tio n  products were v e ry  sm a ll. These r e s u l ts  could not be 
explained; i t  i s  u n lik e ly  th a t  th e  presence o f a methyl group in  
th e  para  o r met a p o s it io n  would p rov ide  enough s te r ic  hindrance to  
exp lain  th e  low y ie ld s .  o-Tolylmagnesium bromide ac ted  as would 
be expected from a co n sid e ra tio n  o f  s te r ic  fa c to r s ,  g iv ing  a lower 
y ie ld  o f aldehyde and ketone; however, the  r e la t iv e  p ro p o rtio n s  o f 
th e  aldehyde and ketone remained about th e  same as p ro p o rtio n s  from 
th e  re a c tio n s  of th e  meta and p a ra  s u b s ti tu te d  Grignard re a g e n ts .
The reduced y ie ld s  o f  bo th  p ro d u c ts , and p a r t ic u la r ly  o f th e  
ketone, when m-chlorophenylmagnesium bromide reac ted  w ith  form ic 
a c e tic  anhydride, might be a sc r ib e d  to  e le c tro n ic  e f f e c t s .  Since 
th e  ch lo rin e  and m ethyl a re  about th e  same s iz e , l i t t l e  d iffe ren c e  
• in  th e  re a c tio n s  o f  th e  corresponding  ch loro  and methyl s u b s ti tu te d  
reag en ts  would be expected on th e  b a s is  o f s te r ic  e f f e c t s .  The 
electron-w ithdraw ing ch lo rin e  may have decreased th e  chance o f  
re a c tio n  a t  th e  e le c tro p h i l ic  carbon o f  th e  anhydride carbonyl group.
Wien th e  re a c tio n  o f  form ic a c e t ic  anhydride w ith  phenyl­
magne s im  bromide was c a r r ie d  out a t  0° C. (Table V, page 5 0 ), th e  
y ie ld s  o f  carbonyl p roducts were g re a tly  decreased from th e  y ie ld s  
o f  the  corresponding re a c tio n  a t  -78° C. The molar r a t io  o f aldehyde 
t o  ketone remained about th e  same a s  th a t  f o r  the  low tem perature 
re a c tio n , but th e se  f ig u re s  were probably  in s ig n if ic a n t  due to  th e  
in a b i l i t y  o f th e  au thor to  reco v er q u a n t i ta t iv e ly  th e  secondary 
re a c tio n  p ro d u c ts .
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The p re sen t work has been n o ta b le ,  in  th a t  aldehydes were 
prepared from th e  re a c tio n s  o f  form ic a c e tic  anhydride w ith 
Grignard re a g e n ts . I t  developed th a t  the  main in te r e s t  o f th e  
p resen t work la y  in  t h i s  aldehyde synthesis*  a method which has 
not been re p o rte d  p re v io u s ly  in  th e  l i t e r a tu r e .  In  a l l  cases* th e  
aldehyde predom inated over the  ketone product, and in  seme cases 
the  aldehyde was formed e x c lu s iv e ly . As d iscussed  on page 8, 
previous a ttem pts to  o b ta in  aldehydes from formic a c e tic  anhydride, 
from th e  Friede 1 -C ra fts  re a c tio n  o f  th e  anhydride w ith  benzene and 
o ther a rom atics, were u n su ccessfu l. Perhaps the form ic p a r t  o f th e  
anhydride was destroyed  in  th e  presence o f th e  aluminum ch lo rid e  
c a ta ly s t .
As a  p r a c t ic a l  method o f  p rep a ra tio n , th e re  a re  a  number o f 
shortcomings in  t h i s  new sy n th es is  which must be recognized . Y ie lds 
o f aldehydes ranged from 8 to  UO p e r c e n t. There a re  some incon­
veniences in  th e  p re p a ra tio n  and use o f  formic a c e tic  anhydride, 
p a r t ic u la r ly  in  la rg e  sca le  o p e ra tio n s . I t  was d i f f i c u l t  to  p repare  
a la rg e  q u a n tity  o f  th e  anhydride, using  the methods a v a ila b le .
The cooling o f i t s  r e a c t io n  w ith  th e  Grignard re a g en t, in  o rd er to  
m ain tain  th e  very  low tem p era tu re , was d i f f i c u l t !  i t  was necessary  
to  add th e  Grignard re a g e n t slow ly, over a long p erio d  o f tim e.
The anhydride was always used soon a f t e r  i t s  p re p a ra tio n , due to  i t s  
supposed i n s t a b i l i t y !  however, no t e s t s  have been c a r r ie d  out fo r  
th e  purpose o f determ in ing  how long a period  of tim e a batch  o f t h i s  
anhydride would r e ta in  i t s  u sefu ln ess  fo r  aldehyde p re p a ra tio n . A 
l im ita tio n  o f t h i s  r e a c t io n  i s  th e  im p o ss ib ility  o f  using m a te r ia ls
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incom patible -with Grignard re a g en ts , such as compounds contain ing  
hydroxy or n i t r o  groups. There i s  need f o r  much fu r th e r  study o f 
v a r ia tio n s  o f reag en ts , and o f  co n d itio n s , which might give various 
o ther aldehyde p roducts , o r  h ig h e r y ie ld s ,  o r  bo th .
(C) F u rth e r D iscussion of C o n tro llin g  In fluences 
The phenomenon o f s te r ic  h indrance has a lso  been used to  
account fo r  th e  r a t io s  o f p roducts observed in  th e  re a c tio n s  o f 
unsymmetrically su b s ti tu te d  p h th a lic  anhydrides w ith Grignard 
reag en ts . Some o f th e  work of Newman and co-workers on th e  re a c tio n s  
o f 3-m ethylphthalic anhydride and 3 -eh lo ro p h th a lic  anhydride w ith  
Grignard reag en ts  has been ta b u la te d  in  th e  fo llow ing manner (36) s
3-M ethylphthalie anhydride 3-C hlorophthaiic  anhydride 
Grignard Per cent re a c tio n  Per cent re a c tio n
reagent 1 carbonyl 2 carbonyl 1 carbonyl 2 carbonyl
PhenylMgBr h3 l i t  52 12
m-XylylMgBr 3 9 U 66 17
Me sitylMgBr 66 1 k9 0
Sizeable q u a n titie s  o f un reacted  anhydride were recovered in  most 
ca se s . The work w ith  3 -ch lo ro p h th a lic  anhydride was undertaken by- 
Newman and Scheurer (36 ), to  see what e f fe c t  th e  s u b s titu tio n  o f a 
ch lo rin e  atom fo r  a m ethyl group on th e  anhydride might have, th e  
work w ith 3-m ethylphthalie  anhydride having been done p rev io u sly  
(32,33)* Since ch lo rin e  and m ethyl a re  about th e  same s iz e , devia­
tio n s  from th e  tre n d  fo r  m ethyl would be evidence th a t  th e  p o la r  
e f fe c t  o f the  ch lo rine  atom had a predominant in fluence  on the  
r e a c t iv i ty  o f th e  carbonyl fu n c tio n s  and on th e  course o f re a c tio n .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
6 6
As may be seen from th e  l i s t e d  r e s u l t s ,  re a c tio n  o f 3 -ch lo ro - 
p h th a lic  anhydride w ith  b o th  phenylma gn e s i  urn bromide and m -xylyl- 
magne sium bromide took  p lace  a t  th e  1 -carbonyl and 2-carbonyl 
functions in  th e  r a t i o  o f about U sl. R eaction o f mesitylmagnesium 
bromide took  p lace  e x c lu s iv e ly  a t  th e  1-carbonyl fu n c tio n . These 
r e s u l ts  were s im ila r  to  th e  r e s u l t s  o f th e  re a c tio n s  o f 3-m ethyl- 
p h th a lic  anhydride w ith  th e se  same Grignard re a g en ts . Scheurer (14-3 ) 
concluded in  gen era l th a t  th e  u su a l type o f s te r ic  hindrance 
accounted fo r  th e  r a t i o  o f th e  products observed in  th e  Grignard 
reaction*
In a d d itio n  to  t h e i r  study o f th e  re a c tio n s  o f 3 -ch lo ro p h th a lic  
and 3 -m ethy lph thalic  anhydrides w ith Grignard re a g en ts , Newman and 
Scheurer c a r r ie d  out a  study  o f th e se  two anhydrides in  th e  F r ie d e l-  
C ra fts  re a c tio n . When 3 -c h lo ro p h th a lic  anhydride was allowed to  
re a c t w ith  benzene, and m -xylene, re a c tio n  took p lace  e x c lu s iv e ly  
a t th e  h indered , o r 2 -carbony l fu n c tio n . Only when m esity lene  was 
used d id  some re a c tio n  occur a t  th e  unhindered carbonyl fu n c tio n . 
R esu lts  o f re a c tio n s  o f  3 -m ethy lph thalic  anhydride w ith  th e  same 
arom atic reag en ts  a lso  v a r ie d  w idely from re s u l ts  o f th e  corresponding 
Grignard re a c t io n s , a lthough  th e  c o n tra s t  was no t so extreme as in  
th e  case o f 3 -ch lo ro p h th a lic  anhydride. Comparisons o f  th ese  
re a c tio n s  in d ic a te  th e  im portance of s te r ic  fa c to rs  In th e  Grignard 
re a c tio n s  o f  unsym m etrically s u b s ti tu te d  cy c lic  anhydrides, as  
compared to  s t e r i c  h indrance in  th e  F r ie d e l-C ra f ts  re a c tio n .I
F a rru g ia , S L b ille , and th e  p re sen t au thor, in  work w ith  mixed 
anhydrides in  th e  F r ie d e l-C ra f ts  re a c t io n , have concluded t h a t ,  in  
th e  F r ie d e l-C ra fts  r e a c t io n ,  a  com bination o f e le c tro n ic  and s te r ic
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e f f e c ts  must be considered  in  th e  d e te rm ina tion  o f th e  r e la t iv e  
r e a c t iv i t i e s  o f th e  two a cy l groups o f a mixed anhydride. R esu lts  
o f th e  p resen t work make i t  seem apparen t t h a t ,  in  th e  Grignard 
re a c tio n , th e  dominating fa c to r  in  th e  de term ination  o f th e  r e la t iv e  
r e a c t iv i t i e s  o f th e  acy l groups o f  th e  anhydride i s  th e  s te r ic  
c h a rac te r  o f those  r a d ic a ls .
(D) V a lid ity  o f  Experim ental R esu lts  
In any work w ith  mixed carb o x y lic  anhydrides, th e re  i s  an 
unavoidable degree o f e r r o r ,  the  e x ten t o f which i s  sometimes hard  
to  determ ine. This r e s u l t s  from the  d isp ro p o rtio n a tio n  tendency of 
th e se  reag en ts , and from th e  la ck  o f abso lu te  methods o f determ ining 
th e  p re c ise  ex ten t o f th a t  d is p ro p o r tio n a tio n . I t  i s  ap p ro p ria te , 
th e re fo re , to  review  the  reasons f o r  b e liev in g  th a t  th o se  anhydrides 
used in  th e  p resen t work were s u f f ic ie n t ly  pure to  give s ig n ifican ce  
to  th e  r e s u l ts  ob ta ined  w ith  them in  th e  Grignard re a c tio n s . An 
example of each anhydride used may be found in  Table V III , page SI4. 
The n e u tra l iz a t io n  co n stan ts  c lo s e ly  approached th e  th e o re t ic a l  
v a lu es , in d ic a tin g  th a t  im p u ritie s  o th e r th a n  th o se  due to  d is ­
p ro p o rtio n a tio n  were s l ig h t .  R e frac tiv e  in d ic e s  checked w ith those 
measured by p rev ious w orkers, in c lu d in g  S ib i l le  who used th e
same anhydrides, w ith  th e  ex cep tio n  o f form ic a c e t ic  anhydride, in  
F r ie d e l-C ra fts  a c y la tio n  o f benzene. E lem ental analyses o f S ib i l le * s  
anhydrides showed th a t  th e i r  e lem en ta l con ten t approached th e  
th e o re t ic a l  v a lu es . Elem ental a n a ly s is  o f  form ic a c e tic  anhydride, 
used in  th e  p re sen t work, was no t secu red 3 th e  reason was given in
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Experim ental P a r t .  The only  im p u ritie s  l ik e ly  to  be p re sen t in  
th e  anhydrides were th o se  due to  d isp ro p o rtio n a tio n  occurring  during 
th e  b r ie f  in te r v a l  between th e  f i n a l  carbonate washing or d i s t i l l a ­
t io n ,  and use in  th e  G rignard re a c tio n , since any unreacted  ac id  o r 
simple anhydride p re sen t was removed by th i s  carbonate washing, or 
by d i s t i l l a t i o n .  Anhydrides were used as soon as p o ss ib le  a f te r  
dry ing  or d i s t i l l a t i o n ,  in  o rd e r to  minimize d isp ro p o rtio n a tio n .
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SUMMARY
A study has been made o f th e  low tem perature re a c t io n s  o f 
mixed carboxylic  anhydrides w ith  Grignard reag en ts . A t o t a l  of seven 
anhydrides were usedj in c lu d in g  form ic a c e tic  anhydride, which re ­
ceived major a t te n t io n ,  and s ix  h ig h er mixed a c e tic  anhydrides. A 
v a r ie ty  o f Grignard reag en ts  were allowed to  re a c t w ith  th e se  anhy­
d rid e s , u su a lly  in  e th e r , bu t sometimes using te tra h y d ro fu ra n  as 
so lven t. R eactions o f  th e  h igher mixed a c e tic  anhydrides were 
ca rrie d  out m ainly w ith  phenylmagnesium bromide. In  a d d itio n , a 
study was made of the  re a c tio n s  o f  m ixtures o f a c e tic  and b u ty ric  
anhydrides, and a c e tic  and v a le r ic  anhydrides, w ith  phenylmagnesium 
bromide.
The r e la t iv e  p ro p o rtio n s  o f th e  two p o ssib le  carbonyl products 
were determ ined. In  ad d itio n , in  segue re a c tio n s , th e  p ro p o rtio n s  o f 
a lcohols formed as secondary re a c tio n  products were determ ined. 
Attempts have been made to  c o rre la te  th e  r e la t iv e  r e a c t i v i t i e s  o f 
th e  acy l groups o f the  anhydrides w ith  th e  s tru c tu re s  o f th o se  
acy l groups and o f  the  Grignard reag en ts  used.
The re a c tio n s  o f form ic a c e tic  anhydride w ith G rignard reagen ts  
y ie ld ed , predom inantly, aldehydes. This was a new method o f  aldehyde 
sy n th es is , g iv ing  y ie ld s  o f  aldehydes ranging from 8 to  iiO p e r  c en t.
69
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Both arom atic and a l ip h a t ic  aldehydes were formed by use o f f iv e  
aromatic* and fo u r  a l ip h a t ic  Grignard re a g en ts . Here* also* 
attem pts have been made to  c o r re la te  th e  t o t a l  and th e  r e la t iv e  
amounts o f  aldehydes and ke tones w ith  th e  s t ru c tu ra l  d e ta i l s  o f  
th e  Grignard re a g en ts . I n i t i a l  s tep s  have been taken  in  a  stutfy 
o f th e  in flu en ces  o f tem p e ra tu re , so lv en t, e t c . ,  on th e  y ie ld s  
o f aldehydes.
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